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EYE, the Manner and Pheno- 
mena of VISION. 


“BOOK tf. 


x the Parts fibfervient to the oe sf 


Cot, AP, 1, 
Of the Supercilia or Eye-brows. 


f) there is none whofe Struc- 
y ture and Mechanifin difco- 
_ vers more Art and’ Defign, 


than this little Organ the Eye; all its Parts. 


are fo excellently well contrived, fo elegantly 
formed, and nicely adjufted, that’ none can 
‘deny it to: be an Organ as magnificent and 
curious as the Senfe is feful and: ‘ehtertaining. 


or Vor a A ae By 


‘ Fall the Parts of the Body, 


| 


2 Of the Supercilia or Eye-brows. Book I. 


By means of, this Organ, we difcover the 
Magnitude, Figure, Diftance, Situation, Moti- 
on, “Colour and Beauty of Bodies: Without 
it, asall the Animal World would be in 
perpetual Darknefs, fo it. would labour under 
perpetual Inconveniencies, be expofed to per- 
petual Harms, and fuffer perpetual Wants and 
Diftrefles:. But now, by this admirable Senfe, 
we afe enabled to fee and chufe wholefome, 
yea delicate Food, provide ourfelves ufeful, yea 
gaudy Cloathing, and commodious Places for 
Habitation and Ketreat: We can difpatch our 
Affairs with Alacrity and Pleafure, go here and 
there as our Occafions call us, and, by look- 
ing about us, can difcern and fhun- the Preci- 
pices and Dangers which would deftroy us; 
we can now, if need be, ranfack the whole 
Globe, penetrate into the Bowels of the Earth, 
defcend into the Bottom of the Deep, travel to. 
the fartheft Regions of the World, to acquire 
Wealth, .to increafe our Knowledge, or even 
only to pleafe our Fancy, and fatisfy our Curi- 
ofity.. And thofe glorious Objects which fill 
the Heavens and the Earth, thofe admirable 
Works of Nature which every where furround 
us, and which would be.as nothing to us with- 
‘out being feen, do, by means of this noble 
Organ, prefent their Glories to our View, and 
% fill us with Admiration and Delight... In.a 
‘word, without the Benefit of Light, “the anima- 
ted Part of this ae would. be but fo many 

_ Puppets 


| 
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Puppets toft up and down by eheniod and For- 
_ tune, without Houfe or Habitation, and deprived 
- of all the Pleafures and Conveniencies of Life. 
What a miferable State would it be, to be con- 
- fined to perpetual Darknefs, and never to be- 

“hold the chearful Light ? But I need not ex- 
patiate on the UfefulnefS and Praifes of this 
Senfe, which we receive the Benefit of every 
moment, andthe Want, or any Defect of which 
we lament among our greateft Misfortunes. I 
fhall therefore proceed to examine the beautiful 
Structure of the Eye, from which we receive 
fo sang Advantages. 

For our clearer Proceeding in this 
Matter, 1 fhall divide this Organ, “after the 
common -Manner of Anatomifts, into two 
Parts, viz. the Internal, whichis the Globe or 
Body of the Eye itfelf, formed by the Tunica 
cornea and. Sclerotica, and the Parts contained 
in them; and the Exrernal, which are thofe 
Parts about the Globe fubfervient to it, fuch as 
the Supercilia or Eye-brows, the Cilia or Eye- 
lathes, the Palpebre or Eye-lids, the Glandula 
Lachr ymalis or Innominata, the Caruncula and 
Punéta Lachrymalia, &c. ‘All which we ‘hall 
defcribe in Order, beginning with the External 
Parts. And: firft of the Supercilia or Eye- 
brows. 

§ grt The Pe ty as every Body 
knows, are nothing elfe, but fome Hairs pla- 
ced above the Eye, which ferve to defend it 

from 
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from Light when too {trong, and efpecially 
from Duft, Mots, and fuch other Corpufcles 
- floating in the Air, as, by falling into the Eye, 
might hurt its taialee Subftance, or renderit — 
opaque and unfit for+tranfmitting the Rays | 
of Light. | 

US ae Amongit all Creatures, Man alone is 
provided with Eye-brows ; becatfe his Skin is 
{mooth, and confequently would eafily allow 
fuch Particles to flide alongft it as might hurt 
the Eye, did not Nature provide again{t that 
Misfortune, by. placing above it that thigh 
Wood of Hairs. 

§ 5. It is for the fame reafon that the 
Caffowar, that ftrange Bird, which, next to the 
Oftrich, is the greateft of all: we know, being 
commonly five foot and a half in length from 
the End of the Beak to the Extremity. of the 
Talons, and which has not been fpoken of 
by any of the Antients, nor fo much as kiown 
in Europe, till the Year 1 597, that the Hollan- 
ders brought one from lode s I fay, it is for 
the fame reaton, that this Birks is provided with 
a Row of black Hairs, like a Demicircle atthe 
Top of the Eye, raifed like an Eye-brow, a 
becaufe the Skin. of its Head and» Neck is 
-fmooth and without Feathers: But other 
Animals that have a tough plumaceous or 
hairy Skin, have no oecafion for Eye-brows, 
becaufe the Roughnefs of their Skin alone. is 
sbieaat to aie er their End, 
nila § 6. 


~ 
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_. § 6, It is to be obferved, that the Eye- 
brows do always bunch out confiderably more 
than the Eye, becaufe of fome Fat which is 
under the Skin in that Place, and becaufe of 
the Eminence of that Part of the frontal Bone 
_. which lies under them. 


The frontal, Bone has two confiderable 
Eminencies, one above each Eye, formed by 
the Separation of the two Tables of the Skull, 


which leave Cavities betwixt them commonly 


called the Frontal Sinufes. It is upon thefe 
Eminencies that the Supercilia are placed, and 
therefore they bunch out, confiderably above the 
Eye, which enable them the better to guard 


and. defend it. 


4. There is yet another Mechanifm 
provided by Nature by which the Eye-brows 
are excellently well. fitted for defending the 
Eye, and that is, a Mufcle, which, by its Con- 
traction, draws the Eye-brows. obliquely down- 
wards, and at the fame time does corrugate 
them, and make them approach one another. 
 VoLTERvs Co1ITeEr, in his Od/fervationes 
Anatomice, is the firft I find who has defcribed 
this Mufcle. It.arifes from the great Canthus of 
the Orbit, precifely where the Os Nafi is joined 
to the anterior Apophyfeof the Os frontis, from 


which Origin it goes obliquely upward, and | 


terminates by a Tendon in the Skin about 
the Middle of the Eye-brows. ir 
ehgic M93 | Some 


MS 
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Some Anatomifts (whofe Opinion Cowr er, 
in his Myotomia Reformata, feems inclined to 
favour) reckon thefe Mutcles only two oblique 
Elongations of the Frontals ; but to me it ap- 

“pears of no confequence, whether they be 
~ thought diftinéé Mufcles, or only fuch Pro- 
longations, EE a that their Ufe be under- 
{tood. | 

All Anatomifts agree, that thiefe Mufeles | 
ferve for pulling the Eye-brows obliquely 
downward, and at the fame time for corruga- 
ting them, and making them approach one 
another: Their Origin and Infertion, and the 
Direction of their Fibres, thew plainly that to 
be their Ufe; and therefore they are named 
Corrugatores vel Depreffores Superciliorum, 

§ 8. From the Action of thefe Mufcles pul- 
line down and corrugating the Eye-brows, we 
receive a twofold Advantage: 1mo, The Eye is — 
better defended: againft Dutt, M iots, and fuch — 
like external Injuries, Hence it is that every 
body, when walking abroad, or riding in a 
dufty Road, (as all “of us have often done in 
Summer, when the Roads are dry); I fay, 
every body i in that Cafe pulls down his Eye-. 
brows as much as poffible, that he may the 
better cover his Eyes, and defend them againft. 
the Duft and Mots with which the Air is then 
filled.  2do,‘A fecond Advantage we reap from 
this Depreffion of our Eye-brows, is the break- 
ing and intercepting the Rays of Light, w ae 

the 
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the vifual Object is too luminous, or when the 
Eye is placed in too brighta Light. Hence in 
_fuch Cafes we alfo pull down our Eye-brows, 
_ that the Eye may be the better able to bear the 

_ Light, a Part of which is now intercepted by 
_ the depreffed Eye-brows forming a kind of 
‘Shade on the Eye; and when the Eye-brows 
are not fufficient for this End, as fometimes hap- 


pens when the Light isvery ftrong, we can affift 


them by applying our Hand to our Forchead, 
by which our Eyes are more effectually fhaded, 
fo as to enable us to bear the Light, which 
otherwife would dazzle and hurt our Eyes. 
But when there is no Danger to our Eyes, cither 
from Dutt or Light, we pull up our Eye-brows, 
that none ofthe Light may be ftopt, but that alt 
of it may fall upon our Eyes; by which the 
Sight or Field of Vifion is enlarged, and all 
the Objects above the Axis of Vifion are now 
feen: whereas, when the Eye-brows were de- 
prefled, thofe moft remote from this Avis, 
being fhaded by the Eye-brows, could not be 
perceived. | 

_ § 9. The Mufcles which pull up our Eye- 
brows are the Frontales;. they arife by a thin 
broad flefhy Beginning, from the upper Part 
of the Os frontis, from whence defcending, they 
are inferted into the Skin of the Eye-brows, 
which they muft therefore» pull upward, that 
none of the Light may be ftopt by them. — 


CoH AP. 
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CTS ASP? Hl. 


of the Palpebre or Eye-lids, and the Cilia or 
Eye-lafies. 


Whe Te Le LHe Palpebre or pci are 

| thofe Parts which in time of — 
Sleep cover our Eyes. ‘They are twoin number — 
for each Eye, viz. the fuperior and inferior. 
They are called Palpebre, a palpitando, quod 
palpitare et tremere videantur, propter citiff! must 
et frequentiffimum motum. 

§ 2. Both fuperior and‘inferior are: compo- 
fed of five Membranes ‘and a Cartilage. The 
jirft is the Epidermis or Scarf-fkin, of which 
I need fay nothing here. The /écond is the 
Cutis or Skin, whichis here very thin; and 
therefore, by Ari/forle of old, it was faid to be 
Cutis fine carne; and it is upon this ‘account 
that fo many Authors, following in this the 
Dottrine of Gaten, have affirmed, that when 
it is cut, it does not coalefce. It is exceeding 
‘foft and laxly extended over the Eye-lids, 
‘that it may the better accommodate itfelf 
to the convex Figure of the Eye, and that 
it may be moved to.and again thereon with 
the greater Facility. Hence alfo itis, that in 
Fowls there are never any Feathers to be found 
upon their Eye-lids, becaufe their Roots psa 

ave 


{ 
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have hurt the tender Subftance of the Cor ye 


upon their leaft Motion. At the Extremity of 


the Eye-lids this Skin does not terminate, but is 
turned over to their Infide, by lining which it 
forms the fifth and inner Membrane of the 
Eye-lids; which inner Membrane, at the Edge 
of the Orbit, folds back again over the out- 
ward Face of the Kye above the Conjunttiva to 
which it is clofely adherent, and which is of 
fome Confeqiiencé to be remembered in curing 
fome of the Difeafes of the Eye. 

§ 3. This Skin is-pierced at the Edge of 
the Eye-lids, for the Paflage of fome Hairs 
called’ Cilia, quia Oculos celent ae “tueantur. 

They. fetve as a Palifado to preferye and fhade 
the Eyes'as the Eye-brows do, and to hinder 
any Filth or Flies from getting into them. 
Hence itis to be ‘obferved, that when thofe 
Hairs are loft, a Symptom which frequently 
follows a malignant Small-pox and Ulcerations 
of the Edge of the Eyelids, the «Sight 
is ‘confiderably impaired.  Gatren “of: old 
obferved this; but his Philofophy could not’ 


account for it. © All he fays amounts’ only’ 


to this, that thofe Hairs direct the vifual Spi- 
titsor fhe ‘Rays that fhine forth from our 
Eyes. “But the true Reafon is, that thofe Hairs, 
by’ breaking-and intercepting the adventitious 
Rays that come from the Heavens, or other 
Objeéts above the Axis of Vifion, rendet the 
inward Eye more dark; whence the Pi@ure on 
the Retina becomes more clear and diftint: 
Vou. I. B Ju 
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Juft as in a Camera Obj ura, the Picture is al- 
ways the moft diftinét and lively, when no. 
Rays are allowed to enter it but thofe that come 
from the Object forming: the Picture. . 

From this we may fee, why the Sight is com- 
monly beft when thofe Hairs are, black, and 
worft. when they are very fair or white ; for. as. 
black Eye-lafhes are the moft proper for (ha-. 
ding the Eyes, fo there is no Light reflected 
from their inner Side, which by. entering the 
Eye might efface or weaken the Picture on the 
Retina; -whereas white Eye-lathes reflect Light . 
copioufly into the Eye, .from which’ this 
Picture becomes faint and imperfect. We have 
a beautiful Hiftory to this Purpofe recorded by 
Puitippus Monatrus (Optice, fue, lib. “ 
cap. 8.) which, becaufe of its fingularity, I 
fhall fet down in his own Words. .Uly/ippone 
(fays, he) tn domo perillufiris. S. Aas 
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barbi oT pr iy unt; per pi eso vero ine. 
clinantemque etatem, omnium albedo. magis ma- 
gifque remiffas “Duets adolefcenfque per. diem 
calligabat; erat per noctem perfpicacior: ita- 
te. provectior diurnana -hebetudinem, nocturnam= 
que perfpicaciam, fenfit manifefle deficere. ... Cum 
idem apud Mauritanos. captivus detineretur 3. ex 
illis, quidem (feu ut illuderent capto, . feu. expe- 
riundi gr aes atro colore #Abht PLETE pi- 

nage aoa : os 
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los intinxere; quo fatto confeftim fe ipfo per- 
fpicacior redditus fis atramento deterfo, minus 
per[picax. | 
This is a very curious Aah uncommon Cafe ; 
and tho’ the ‘Author does not account for it, 
yet from-what has been faid, it admits of an 
eafy Solution: For as black Eye-lathes, for the 
Reafons above noticed, are better qualified for 
darkening the inward Eye than white ones; 
it can be no Surprife that this Youth thould 
have had his Sight improven’ by having his 
white Fye-lafhes dyed black; and it is as little 
_furprifine that, in his:younger Years, and when 
a Boy, his Sight was remarkably more dim and 
confufed in Day-light than towards Night; 
for at that Time his Fye-lafhes being extremely 
white, they behoved to -reflect a good deal of 
the bright Day-light into his Eyes, more per- 
haps than-they could well bear; and befides 
this, the reflected Light, by mixing with the 
Light coming from the Object in view, beho- 
ved to make its Pi@ure onthe Retina mote dim 
and confufed. On both thefe accounts, his 
Sight behoved to be worfe in bright Day-light 
than towards Night, when lefs of this adventi- 
tious Light was reflected’ into the Eye; but as 
he advanced in Years, ‘his Eye-lafhes becoming 
lefs white, would reflect lefs Light into his 
Eyes ; whence the Difference in his Sight by day 
_ and by. night behoved gradually to diminifh, 
| and come nearer to what is common and natural. 


There 
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There is a remarkable Story to the fame 
Purpofe recorded by. my ingenious F riend the 
learned Dr. Russet, in ey Natural Hiftory of 
fleppo, a Book much.to be valued for the many 
—ufeful Obfervations he. has given us.on the 
Plague and other Epedimical Difeafes of that 
Country... This learned Gentleman there in- 
forms us, ‘‘ That, upon a Principle of {trength- 
ning the Sight, as well.as an Ornament, -it is 
« become a general Practice among the Turki/h 
«¢ Women to black the Infide of their Eye- . 
£6 Jids,. .by, applying a Powder, called Ifmid; 
is and that this is fometimes —practifed by 
“the Men, but is then regarded as fop- 

ifh. 9? 

Thi Aegan ei Story aes to confirm that 
juft now mentioned. from. Monatrus, and - 
at the fame time fhews, that it was not out of 
Wantonnefs that the Turks dyed that Captive’s” 
Eye-lathes, as MonaLtus fuppofes, but from 
the Experience. they had of improving the 
Sight by it; and however trifling or, ufelefs 
this Practice of blacking-the Eye-lids may be 
looked on by fuch as have not fully confider- 
ed the Matter, yet it is obvious, that the Sight — 
mut receive fome Benefit from it; feeing lefs: 
| Light will -be reflected. into the Eye by the 
Ede of the byes from which the Pitures _ 
on the Retina, and the Vifion caufed thereby, 
muft, be, more) perfect and diftiné., .Thofe 
whofe Eyes are extremely good, and whofe | 

Oe pn - Occafions 
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Occafions ‘feldom call them to be attentive to 
minute Objécts,'as they have no need to black 
their Eye-lids, fo they may indeed be infenfi- 
ble of any: Benefit arifing from it. But fuch | 
as have a-weak Sight, or who are employed 
in Sewing, or: fuch like fubtile Work,» cannot 
but he fenfible of the Improvement made in 
their Sight by this black Colour. This Method 
of improving the Sight, T imagine, was at firft 
difcovered by chance ; but. after it was difco- 
vered, it needs be no» Surprize that it became 
general amongft  thofe’ Women, on account of 
the more fubtile Work they might have oc- 
cafion to be employed in; more efpecially that 
they found that it was looked on as an Orna- 
ment. And it -isas little furprifing, that, when 


the Men, without Neceffity, and contrary to 


the Cuftom that has obtained among them, 
imitate the Women in this Practice, fuch are 
regarded.as foppifh, .as’ the Doctor informs 
us. But to return to the Membranes of the 
Bye-shids. 9 9c 

§ 4. The third Membrane ‘of the Readily is 
~ the Membrana adipofa or cellulofa, which. is 
likewife very thin, becaufe there is fcarce any 
Fat contained in its Cel/ule. It is this Mem- 
brane which fwells fo exceflively in the Small- 
pox, from the Depofition of an acrid Serum into 
its Cellules, which are thereby vaftly extended. 

‘The fourth Membrane of the Eye-lid is car- 
-pous, and is nothing but-an Extenfion of the 
orbicular 
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orbicular Muféle. At’ the Extretity ‘of this 
Membrane is attached a foft thin broad Carti- 
lage called Tarfus, propter ficcitatem, quod carnis 
fit itexpers; for which reafon the Back of the © 
Foot bears the fame Name. — Its figure is like 
the Sepment ofa Circle; © it is convex in its 
Outfide, but concave on the other’ next the 
Eye, by which: means it keeps the Eye-lids, 
to whofe Extremities they are attached, ‘equally 
extended over. the Eye, : and difpofes them to 
be moved? to. -and again thereon © without 
Wrinkles. Thefe Cartilages are covered with 
the Skin. externally, and with the mner Mem- 
brane of the Eye-lids internally. » Upon their 
inner Side, next the Kye, there is'a Range of 
{mall febaceous Glands, called from their. firft 
Difcoverer Glandule Meibomiz. They feparate 
a fort. of Balfam fromthe Blood :which they 
fend: to the inner Edge of the Eye-lids by 
excretory Ducts which: open thereon.  Thefe 
Glands, »togéther with their. Boccrettheh; are 
well defcribed by the famous Morcacnr in 
his Adverfaria, who therefore deferves. to be 
confulted thereon.. The Ufe of this Balfam is 
to defend the Edges of the Eye-lids from being 
- excoriated where they {trike upon one another, 
and to keep them from Concretion in time of 
Sleep, as fometimes happens, when, from any 
Difeafe in thefe Glands, this Ointment is 
either. wanting, or chas loft. its» balfamic 


Quality ; 
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Quality; a Cafe swhich : feoquentsys occurs in 
Brattice. © 4A3\-* 

‘The fifth and latt Membrane of the Byelids 
is exceeding thin and. delicate. /It\ lines the 
Infide of the Eye-lids.~; Some ill have \this. 
Tunicle to \be a Production of the: Perioficum, 
which: lines: the Orbit, internally », But to.nte, 
as I have hinted before, it appears rather a Pro- 
duction, of the Skin which. covers the: Eiye-lids 
externally, and that for thefe Reafons:\, 0 

imo, Becaufe: they, are. both fo clofely con+ 
joined .and confounded) together ‘at:the Edge 
of the Eye-lids, that they cannot be feparated 
without‘ cutting their: Subftance ; which! could 
» {carcely, happen, were they diftint Membranes 

only joined}together.. os). 
( 2doy.A, fecond Reafon may. ne Prvdoran eat ont 
what Ruyscu obferves;\in his,roth Thefauruss 
concerning; the StruCture of this inner. Mém- 
_brane.}.. ‘He, there tells.us, that over all-its in- 
ternal Surface, next the Eye, it abounds with 
EF VOUS Papitle, by means of which. it/is endow 
ed with. fuch an exquifite, Senfe, that thesleaift 
Particle of, Sand getting betwixt it and thé Eye) 
occafions an .unfupportable Pain. |. Thefe, zer- 
—-vous-Papille with which.this Tunicle abounds, 
and which, render it fo fenfible, efpecially when 
inflamed, feem to, mé.a very frongAreument 
for its. being. thought, _a>Continuation ofthe 
Skin of the Eye-lids, rather than of the: Periof- 
tewn lining the Orbit, which never, has, any, 

| of 
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of thofe nervous Papille with-which the Skin . 
and the inner Membrane of the ‘ae siabe 
abound. 

» And, lapily, whew any’ of the Byelids hap- 
pen to be renverfeds fo: as to have their inner 
Surface expofed tothe Air, as inthe Difeafe. 
called EGropion, this Membrane at laft beconies 
dry, and appears’ altogether like the Skin, as - 
Matrre JreaNn~ well ‘obferves: (Maladies de 
P Oeil, chap.-2.) Nor dod fee how this Tunicle, 
if it were a Production of the Periofterims could 
be conceived to fold back again at the Edge — 
of the Orbit, and to extend itfelf over thé out 
ward Face of the Eye above the Comunédiva, 
as it moft certainly does; ‘and: from: whieh it 
may eafily be feparated, a8 has 'alfo’beén ‘ob- 
ferved “by “MartTre’ Jean’ (ibid: Nae“ - 7 
and other Authors of Credit. 

§.5.. The Ufe of the Eyelids’ is to Cover 
the Eye, to’defend it again Rrong Light and 
other external Injuries, and, by their quick and 
frequent Motion,’ to’ diffate equally” over the 
whole Cornea the Liquor which comes fromthe — 
Glandula lachrymalis, by Which means: the Eyes 
are continually moiftenéed, wafiied; ‘cleaned, 
polifhed;: and made more ‘tranfparent, ‘for the 
better tranfmitting the Rays of Light. | 

§ 62 That our Eyés may’ faffer from ftrong 
Light, as’ well as from oroffer’ Matter, is 
obvious’ to every ‘one’s! Experience, and is 
further’ confirmed. As that memorable mg 

ey 
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of XENOPHON’s Troops, many of whom were 
blinded by the bright Light reflected from the 
Snow thro’ which they were obliged to march. _ 
This Story is recorded by GaLten de Ufu Par- 
tium, Lib. x, where, in Confirmation of the 
fame Doétrine, he alfo takes Notice of thofe 
miferable Captives whom Diony/ius the Tyrant 
of Sicily ufed to bring forth from the dark 
Dungeon in which they were confined, into a 
white welllighted Room; and who, not being 
able to bear thks fudden Trankeoh from phic . 
nefs to fo bright a Light, were thereby 1 im- 
mediately- blinded. | 

The fame antient Author there alfo ob- 
ferves, that no body ‘can look ftedfaftly on 
the Sun for any Time together, without lofing 
his Sight; which Misfortune, he fays, has_ 
happened to many, who, from a Defire to fee 
the Progrefs of an Ecliple, were fo imprudent 
as to ‘keep their Eyes fixed on this firy Globe 
for a confiderable "Time, by which they were 
foon blinded; and firch as were not blinded 
had their Sioht fo much hurt, that they reco- 
vered it with Difficulty. 

~The famousStory of Artittus Recuius 
is another Proof of what our Eyes may fuffer. 
from ftrong Light. This noble Confil of 
Rome, fo famous for his Faithfulness in keeping 
his Word to his Enemies, tho’ it were to the. 
Lofs of his Life, having been taken by the 
Carthaginians in the firft “Punic W ar, was fent 

Vou l. . Cc to 


18 of the Eye-lids and. Lafbes. Book. I. 


to Rome to advife an Exchange of Prifoners’ . 

but he perfuaded the contrary in the Senate, 
and therefore, upon his Return to Carthage, 
for a Punifhment, they cut, off his Eyc-lids, 
and expofed him to the Sun, whofe Light he 
could not long bear without being blinded ; : 


as Fapricius ab Aguapendente. oblerves from. 


the Roman Hiftorians. 

From thefe Hiftories we may. fee of what 
Ufe our Eye-lids are in defending our Eyes a- 
gain{t ftrong Light, and why, when it is very. 
ftrong, we {hut our Eye-lids fo as to leave. 
open only a very {mall Slit, by which Acton. 
a Part of the Light is interpented, which by 
entring our Eyes might dazzle them, and hurt, 
our Sight. | 

And it. is for the ah Reafon, that thofe 
who paint on white Leather, efpecially when 
their Sight is weakened by an Ophtha/mia, or 
fome fuch Difeafe, find it neceflary to place 
hard by the luminous Object dark and green 
Colours, towards which the Eyes being turned 
from time to time, they are thereby “tefrefh- 
ed and ftrenethened; for being relieved from 
the Pain and Fatioue they fuffered from the 
luminous Object, ‘they y foon recover Strength, 
again, fo as to be able to bear the Light of the 
Object for fome Time longer | 

§ 7. Cruftaceous. Animals, fuch as bien 
Locufta, Gammarus, Pagarus, Cancer,.&°c.. want. 
Eyeclids ; becaute i in them, in place of being 


ufeful 
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ufeful or neceflary, they would have been hurt- 

ful, and an Impediment to their Sight; for, 

had Nature ‘extended their hard cruftaceous 
Skins over their Eyes in form of Eye-lids, 
they could not have been moved to and again 
upon their Eyes ; at the fame time, were it ‘pot 
fible they could be moved, they would neceffar ily 
hurt the tender Eye, in place of defending it: 
Therefore provident Nature has wifely contti- 

ved another Method by which their Eyes might 
be fecured from external Injuries, and that is 
the Hardnefs of the Cornea, which in thefe 
cruftaceous Creatures exactly refembles the Horn 
of a Lantern, and therefore is not-to be hurt 
by fuch’ Particles as their #08 are commonly 
expofed’ to. 

Fapricius ab Bay ih Pdi affrins, that 
this horny Hardnefs obtains not only in crufta- 
ceous Animals, but alfo in all others, without 
exception, that want Eye-lids for cuarding and 
defending their Eyes. In gammaris pifcibus, 
(fays he) de Ocul. p. 1. Cap. 2.. et iis quoriun 
oculus palpebra non tegitur, ita dura eff cornea, ut 

“exacte cornu laternarum rigiditatem quoque pre fe 
ferat. “Thefe are Fapricrus’s words.’ But 
in this T apprehend. he is miftaken; for tho’ I 
do not deny that in’ Animals that want Eye-lids 
the Cornea is commonly much firmer and‘ hard- 
er than’ in Man, and other Creatures that are 
provided with Eyelids; yet in many fuch 

5 : "Animals 


20 oF chk Eyelids and Lafhes. Book I. 


Animals we find that its Hardnefs is far inferior 
to that of the Horn of a Lantern. } 
_ There is yet another Mechanifm by which 
the Eyes of cruftaceous Animals are fecured, 
and. that is, deep Sinufes into which, as. into 
a fafe Chamber, they can. retract their Eyes 
upon the Approach of any extraor dinary Dan- 
ger, or when they incline to fleep; as has 
been excellently well obferved by. the fame 
Faspricius in the above: quoted Treatife de 
Oculo:—No Animalcan fleep eafily while the _ 
Light is ftrong, unlefs its Rays be kept from fall- 
ing. upon their Eyes :—This therefore 1s one 
Reafon why Animals that are exposed, to bright 
Light, are, provided, fome with Eye-lids, fome 
with deep Sinufes, by means of which. they, can. 
_ fhade theiz, Byes, for intercepting the. Light 
which otherwile, would foon difturb. their 
Reft. 

§ 8. But Anat Fifhes-are deprived cle of 
Eyelids and thefe Sinufes, becaufe they have 
fo occafien, for cither of them: For fince they 
conftantly refide in Water, their Eyes are hot 
expofed to Air, Smoak or Dutt, which would 
dry, lrurt, and. obfufcate the Eyes of Land- 
Animals, were they not perpetually moiftened, 
cleaned: and polithed by the lachrymal. Juice 
and Motion of the Eye-lids; and moreover, 
the Cornea of Fithes. being commonly .more 
firm and hard than in Land-Animals, can re- 
ceive no Hurt from fuch Particles as their Eyes 

are 
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are ufually.expofed to... Neither in Sleep have 
they occafion, to, cover their yes 5 ; becaufe 
the Water, in which they are, intercepts a 
Part of the Light, and renders it lefs fit. to. di- 
fturb the. Ref by its Brightnefs : and, befides, 
when they would fleep, they can defcend into 
the Bottom of the Water, or hide themfelves 
among Stones, Herbs, or Mud, fo as to anfwer 
all the Ends of Eye-lids. 

§ 9. But tho’ Fithes. commonly want Eye-. 
lids, yet it has fince been found, that Floun- 
ders, Plaife, Soles, and all flat Fithes, are 
excepted. from .this Rule, and have Eye-lids 
wherewith they can cover their Eyes as need 
requires. ‘The Reafon of which feems to be, 
that this Sort of Fifth are not fo Nimble as 
others in fwiming, being. only able to. move 
their Tails, their chief: Inftrament of Speed, 
tpwards . and, downwards :.. Wherefore thefe 
Fithes, in a Storm, do not betake themfelves. 
to the. deep Sea, at the Bottom of which they 
would. be in Safety ; ; but they dig themfelves 
Holes in the Sand, as 1 have been informed ; 
which fecures them from being thrown. upon 
the Beach or Strand. Now, if they had. not 
Eye-lids, the fharp Points of Sand, whilft they 
are making their Beds, would feratch and cut 
the Tunics of their Eyes, whereby. the.tranf- 
parency thereof would be-deftroyed, and con- 
fequently thefe Fifhes would become Blind; 

which 
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which: is ‘an. additional Proof how perfec 
every Creature is, in its own Species. 

§ 10. And with regard to Infetts, I might 
‘here obferve, that altho’ the Hardne& and 
Firmne@of the Cornea is in them’ fo cood'a 
Guard to their Eyes, as:to render Eye-lids un- 
neceflary ; yet thefe Creatures are obferved to 
have fomething analayous to Eye-lids, where- 
with pi clean and wipe their E yes from time 
to tinie.” The Reafon of which ‘is, that In- 
fects refide conftantly in Air, which, by 1 means | 
of the Smoak, Dutt and Moats with which it 
abounds, would foor’ obfufeate and tarnifh the 
tranfparent: Eye, were’ it not thus wiped ae 

cleaned as need requires.” 
> The Inftrumentsemployed’ in? ‘this Work! 
are the Foré-lees andthe Aurenié or’ Feclers? 
But whatever the Ufe of the Antenne may be 
in cleaning the Eyes, they are moredver, ‘in all 
probability, a sood "Guard 'to the’ Eyes and 
Head in their W alk and’ Flicht, enabling them, 
by the'Senfe of F ecling, fo. difcover furch An- 
noyances, ‘which,’ by their’ Proximity, may 
perhaps’ efcape the Reach of their Eyes and 
Sight; for it is manifeft, that Infeds dean their 
Eyes with their F ore-‘leos as well’as Antenne 5 
and confidering that as ‘they walk ‘along, they 
are per petuially, feeling and fearching before 
them with their Feelers or Antenie; 1 cannot 
help thinking, that, befides wiping and clean- 
ing the Eyes, the Ufes above named fhould 

alfo 
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alfo be admitted ; efpecially that 'it is extreme- , 
ly probable that the Eyes..of Infects do not 
change their Conformation, and adapt them- 
felves to various Diltanvgh but, continuing 
- always the-fame, are fitted. only to fee diftan- 
tial Objects, but: not fuch as are very nigh; 
which Inconvenience: the -Feelers obviate, left 
it fhould, be prejudicial in occafioning the In- 
fect to run its Head againft any thing in. its 
— Way, 

_ And that this rather than the wiping: of the 
Tiyes is the chief Ufe of the Feelers, is further 
manifeft from'the Autenne of the Fle/h-fly, and 
many other Infects, which are fhort and ftrait, 
and incapable. of. being bent unto, or BNE 
overthe Eyes. As alfo, from others enormoufly 
long, fuch as thofe of the Capricorn or Goat 
chaffers, ,Cadew-fly, and. divers others, both 
Bectles and) Flies...’ But to:return : 

§ <1. As. Animals having frm hard ia 
commonly want Eye-lids, fo, on the contrary, 
all Animals that have a foft, tender and delicate 
Cornea, and who conftantly refide in the Air, 
as Man, Quadrupeds and Fowls, are always 
provided with Eye-lids, wherewith, in time 
of Sleep, they cover their Eyes, partly to. de- 
fend them again{t external Injuries, and part- 
ly to intercept the Light, which, by falling, 
into theit Eyes, would greatly difturb their 
Reft ;. but, at other times, as has been before 
obfer ved, thes Bye-lids are moved to and a- 

: gain 
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gain upon the Eyes, for cleaning, wafhing’ and: 
polifhing the Cornea; and which’ is remark-! 
able, this Motion is fo very quick, that it does’ 
not in the leaft hinder our Sight. 
Every body knows, that if.a burning Coal: 
be nimbly moved round in a Circle with Gy- 
rations continually repeated, the whole Circle’ 
will appear like Fire: The Reafon-of which’ 
is, that the Senfation of the Coal, in the fevera} 
Places of that Circle, remains imprefied on the 
Senforium, until the Coal return again to the ~ 
fame Place; for the Motions excited in the — 
Bottom of the Eye by Light, and thence pro-' 
pagated to the Senforium, : are of a lafting, and’ 
confequently of a vibrating Nature; and there- 
fore, if our Eye-lids take no longer time to pafs 
and repafs upon our Eyes, than “what the Coal 
of Fire takes to go round, the Impreffion.made 
inthe Bottom of our Eye. by any Object will- 
always continue, and fuffer no fenfible Inter- 
ruption from the quick Motion of the Eye- 
lids pafling ,over our Eyes ; and this is 
the Reafon why Nature has endowed our 
| Eye-lids with fuch a quick twinkling Motion. 
§ 12. The Mufcles wherewith the a 
are moved are, | 
- imo, The Elevator Palpebre seapuitiotts Cosi 
times alfo called rectus. It arifes by a {mall 
fleflry Beginning from the Bottom of the Or-. 
bit, near the Place where the optic Nerves. 
pierce the Cranium, and pafling above the! 
- Attolens 
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Attolens oculi, it “becomes tendinous, as it 


marches over the Bulb of the Eye, whence. 


7 growing {till broader and thinner, it is inferted 
into the whole fuperior Part of the Cartilage of 


the upper Eye-lid. When this Mufcle acts, ” 


it lifts up the Eyelid, and difcovers the. 
Eye. 

‘Tt is no ‘ealy matter to account for the 
‘ ‘grofs Miftake into which not’ only GALEN, 
but the accurate Vesativs himfelf, has fallen 
into, concerning this Mutfcle, which tho’ its Dit 
fection requires but little Art, yet by both thefe™ 
Authors, it is afcribed to the Eye; for which 
Reatpus Corumats does juftly reprehend. 
them ; but at the fame time he commits no lefs 
_an Error himfelf, in fuppofing, contrary to what 
GALEN and VEsSALIus. teach, that the OJ- 
liquus Juperior belongs to the Eye-lid. 

2d0, ‘The Eye-lids ave brought together to 
fhut upon the Eye by another Mutcle. which, 
becaufe of its Figure, is called Orbicularis. 


This is a thin flefhy Mufcle, about two Fin- 
gers broad, whofe Fibres do circularly environ 


and cover the Eye-lids, and are not: adhering 


- toany Bone from which we may derive their CO: 


rigin except the fupetior Part of the great Bone 
of the Nofe. ‘This Mutcle, like the e Sphin@ers 
of other Parts, confltinges the Ey ré-lids, and 
_ brings ‘them together over the “HES : and 
likewife when it ~ contrads with a more than 
common Force, it prefies the Globe of the” 

Vou. I. D hye | 
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Eye inwards ; ; by which - means the Glandule 
lychrymalis is comprefled, and the Tears coii- 
tained therein are {queazed out in greater Plenty 

upon the Eye, for moiftening and cleaning it, 
as occafion requires. $ 
_. GALEN, and the antient. Anatomifts, toge- 
ther with Vesatius, RroxLanus, SpicE- 
LIUS, gorcs do- divide. this Mujicle into. two, - 
at the Semicircularis fuperior and inferior, and 
a the fuperior to arife fron the great Can- 
thus and fpread over the fuperior Eye-lid, and 
terminate at the leffer Canthus; and in like. 
manner to the inferior, which covers the. under 
Hyelid, they give the fame Origin and Ter- 
mination. “The Reafon of which Divifion, 
is not fo much that they pretend to have dif 
covered two Mufcles, as becaufe they receive 
different Nerves coming from different Places, 
and becaufe they have fometimes obferved, 
in the Conwulfio canina, that the inferior Eye- - 
lid is rigid and immoveable, while the other 
is well, ‘and in its natural State: But thefe Rea= 
fons do not appear fufticient for thus dividing 
this Mufcle; for, as Cowper well obferves, 
there appears no divifion of Fibres at the 
external Angle; and. befides feveral other 
 Mulcles, and particularly fome of thofe belong- 
ing to the Nofe, have different Nerves, as well 
as the Orbiculares palpebraum, as BaARTHO- 
LINE and others obferve. | ney 
| The © 
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The under Eye-lid has but a very obfeure 
Motion, and therefore has no need_of a parti- 
cular Mufcle for opening it, ‘The elaftic muf 
_eular Fibres, which from it are fpread upon the 
Cheeks, and which have been well defcribed by 
EUSTAcHivs and CowPeEr, being fufficient 
for that End. 

§ 13. It is to be obferved, that tho? all Ani- 
mals that are provided with Eyelids have a 
Power of moving them to and again upon their 
Eyes for the Purpofes above noticed, yet, in. 
different Animals, they are differently moved ; 
fome moving the fuperior more than the ‘Wee. 
or, and others moving the inferior more than 
the fiperior. This feems at firft View to be a 
Matter of no great Confequence, and {carce 
worth inquiring into; yet Nature, which does 
nothing in vain, has not without very good 
Reafon made the Eye-lids of different Animals 
thus differently moveable. 

_ Man, and the greateft Part of Quadrupeds,’ 
that’ is, thofe of the viviparous Kind, move 
both Eyelids ; but the Motion of the under. 
Eye-lid is very obfcure: Whereas all oviparous 
Quadr upeds, fuch as the Tortoife, all Birds, and 
in general, all Animals that look much down, 
and feek their Aliment from the Ground, have 
the inferior Eye-lid greatly more moveable than 
the fuperior. The ‘Reafon of which i is fo well 
exprefled by Fasricius ab Aquapendente, that 

it may not be ibe Ae ie to read it in his own 

| ‘Words, 
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Words. Illa animalia; (fays he, de Ocul. p. 3. 
Cap. 13.) que pirona. incedunt, queque a terra 
almoniam capiuit, ut tefludines, ec. palpebram 
inferiorem mobiliorem fuperiori habent, ut oculus 
magis tegatur aperiaturque, ea parte qua oculorum 
ufus et cuflodia poftulat, hoc eft, qua magis funt 
offenfionibus expofiti, aut qua magis venire offen- 
Stones per iculum eft, aut qua magis oculum offendi 
ab extrinfecus occurfantibus certiffimum eft, ut a 
Jpinis, feflucis, pulvere, et aliis id genus offendi- 
culis, qué magis a terra et ex inferiore parte ac- 
cedere poteraut. » Aves autem, five pennata ani- 
malia, ita palpebram . inferiorem babent. mobilem, 
ut fuperior parum ommino moveri videatur ; quod 
hec magis adbuc, five in terra degant five in aere, 
oculos ad terram inclinatos obtineant, a qua parte 
offenfiones ad oculum venire periculum. eft. 

§ 14. Befides thefe Eyelids, provident Na- 
ture has contrived another Fence and Security 
for guarding, defending and cleaning the Eyes 
of fuch Animals as the Neceflities of Life oblige 
to frequent. ‘irees and Bufhes, as Birds; an 
“Hedges. and long Grafs, as Horfe, Pps 
Frogs, and other Quadrupeds. This. adition- 
al Guard goes commonly under the Name of 

~Membrana niGitans, or internal Eye-lid, and is 
nothing but a moveable Membrane placed next 
to the: Cornea, over which it paffes to and.a- 
gain under the Eye-lids, the better to defend 
and preferve the Eyes of thefe Animals that are 
Aaasenthy among I'r Pe Bufhes or Grafs; 
yj which | 


G 
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which is the only Ufe that. Dr. Wiuuts, and 
the moft part of our Englifh Writers, aferibe to 
this Eye-lid. 

§ 15. But the French Aeademifts S halivs 
been very diligent in examining this Eye-lid, 
and to whom we owe ‘the Knowledge we 
have of its Structure and Mechanifm, finding 
it not only in Creatures that frequent Trees, 
Bufhes, and Grafs, but alfo in all Animals ex- 
pofed to Air that want Hands for rubbing their 
Eyes, are of Opinion, that its principal Ufe is, 
not fo much to defend the Eye from. being 
hurt by Grafs, or the Leaves of ‘Trees and 
Buthes, as, in conjunction with the other Eye- 
lids, to clean and wipe the Cornea,: and keep 
it from drying and becoming lef tran{parent 5 ; 
for which End it indeed appears excellently well 
difpofed; for it moves tranfverfly from right 
to left, and from left to right, over the Cornea, 
while the other Eye-lids fhut and open for the 

eile wiping and cleaning the Eye, every 
“way; and which is remarkable, to this Eye- 
lid, as may be feen in all large Birds; is attach- 
ed the lachr yal Gland, whofe Exer etory (for 
in Birds there is but one) penetrating above 
half way thereupon, upensopon the Eye about 
the Middle of this Eye-lid ; which is evidently 
done, to fpread a Liquor over the whole Cornea, 

_ for the better wafhing and-cleaning it, when this 
Eye-lid paffes and i as it is 8 obferved to 
do every moment. 
| In 
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‘In Calfs, this lachrymal Gland has'two excre- 
tory Ducts, which open upon the Eye, one on 
each Side of that Cartilage, which is peculiar to 
this Animal, as has been obferved by Sreno, 
VARHEYEN, andothers. This Cartilage, ac- 
cording to fome Anatomifts, ferves to facilitate 
the Motion of that Membrane wherewith they 
nictitate. In oculo autem bubulo (fays the 
learned DIEMERBROECK, Anatom. ib. 3. 
cap. 13.) preter iffam carunculam, particula 
quedam callofa et duriufiula, verfus oculum plane 
levis, exteriore parte aliquantulum afpera, in in- 
terno angulo reperitur, membrane qua njiGitant mo- 
tum faciliorem prebens. Thefe are DIEMER- 
BROECK’S Words, which I thought proper to 
mention here, becaufe theUfe of this Cartilage 
is feldom touched on by Anatomifts. _ But be- 
fides this, it feems {till to have a further Ufe, 
to wit, by ftrengthening this Fye-lid, it en- 
ables it the better to guard and defend the Eyes 
of this Animal, who being formed to gathe 
its Food from among Thorns and Bufhes, has 
occafion for a ftronger Fence and Security for — 
guarding and preferving its Eyes, than moft 
other Creatures. 

§ 16. Animals that have Hands with which 
they can defend ‘their Eyes, and by rubbing — 
them can exprefs the Liquor contained in the 
lachrymal Gland for wathing and -cleaning: 
them, which is known by Experience they do 
with good Succefs when the Sight is any He 

_  darkene 


Ghat, a Of the Eyelids and Lafhes: ) 3s 


darkened, or when the Eyes fuffer any Pain or. 
Itching; I fay, Animals that have Hands for 
guarding and rubbing their Eyes, haveno need 
of this internal Eye-lid.,. Hence itis that Man, 
and the Ape, are the only:Animals expofed to 
Air and Duft, in whom -this Eye-lid is found 
“Wantingywi} shy oe" Y 4655 tae 
§ 17. Fifhes alfo commonly want this Kye-, 
lid, becaufe their Eyes are in no Danger of 
being dried by the Air, nor have they occafion 
either, to. defend or clean. their Eyes from 
Filth, Duft-or Smoak, to which they. are ne- 
ver expofed ; and befides, .as we have. faid, be- 
fore, their Cornea is frm and hard, and fome-. 
times almoft cartilaginous, and therefore is not 
to. be hurt by fuch. Particles.as their Eyes are 
expofed to. But all aquatic Animals, that. 
come out of the Water and ftay fome time up-. 
on Land, as the Sea Calf is obferved to do, are 
_ provided with this Eye-lid, for the fame Rea-. 
fon that Land-animals are, viz. becaufe they 
want. Hands to rub their Eyes, and exprefs the 
Humidity contained in the Glands, for wafh- 
ing and cleaning them as occafion requires. 
§18. The Structure of this Eye-lid, and the 
Mechanifm by which it is moved, tho’ exceed- 
ing beautiful and induftrious, has not been 
noticed by any I know of, except fome few of 
_ the Gentlemen of the Royal Academy of Sci- 
ences. From them therefore, for your Enter- 
| tainment, 
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tainihent,’ I fhall, in as few Words as polible, 
deferibe beth. Ra 


This Byedids is nothing elle: biit a RRVCTBIS 


fren eR Part,’ which, when’ extended’ 
over the Cornea, is of a triangular Figure; but 


has the Figure of a Crefcent when drawn back 


again into the great Corner of the Eye for un-’ 


covering the Cornea. One of-its Sides, which 
_may' be called its Bafe, is in its whole Length 
attached’ towards the inward Anele of the Eye 
to'the Tunica Sclerorica, and takes up about a 


third; ‘er a little more of its Circumference; 
the other two Sides are’not at all attached to 


any Part, but leave'this Membrane at liberty 
to be‘extended over the Eye, or to be retracted: 


from off the Eye into its great Angle, as need 
requires." That: Side which is towards the 
little Corner of the Eye, and which is move- 


able, is commonly reinforced with a Border, 
which fupplies the Place of the Tarfus, and is 
black in moft Quadrupeds. In Cows, a Part 
of this’ Membrane ‘is cartilaginous, as Sr ENO 
obferves, which may ferve not only for facili- 
tatine its Motion, as has been noticed before 
from DYEMERBROEC K, but alfo for ftrength- 
ning’ it, that it may the better guard and defend 
| the | Eyes of this Animal, who, when it gathers 
its Food from among{t Thorns and Buthes, has 
oceafion for a ftronger Fence and Security for 
its tid than moft other Creatures. ~ 

There 


Pa 
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There is no: other Mechanifin for. retracting 
this Eye-lid from before. the. Eye, but. the 
Elafticity, of the Fibres of which itis compoled. 
They arifé from its Bafis, where it is attached 
~ tothe great Angle of the Eye, and are inferted 
into its Tar/us, or that Side next the fmall Angles 
which they mutt therefore retract towards the 
great Angle, whenever the. extending Force 

ceafes to. act. 

_ This Eye-lid is extended over the ae be 
the joint Contra@tion of two Mufcles, whofe 
Contrivance and Difpofition i is. truly farpafings 
ly curious and beautiful. 

The firlt arifes, bya broad flefhy Beginning, 
from the Sclerotica. towards the great. Corner 
of the Eye, behind the Attachment of this Eye- 
lid; and contracting itfelf gradually as. it goes 
towards.the. optic Nerve, near that Nenwe ‘it 
 forms'a {mall cord-like Tendon; which Ten- 
don pafling under the optic Nerve, upon which 
it makes amacute Angle, pierces the [endon of 
the other Muicle, which ferves it for a Pully, 
on which it is bent; and, after it has pierced 
- this Tendon, it goes obliquely upward and in- 
ward upon the Backfide of the Eye, to infert 
itfelf to the moveable Corner of this triangular 
Membrane, at the upper and inward Part of the 
Eye, near the Edge of the Orbit... 

The fecond Mutcle rifes from the Globe of 
-the Eye towards the little Angle, and ends by 
a Tendon near the optic Nerve, having its ten- 

Vot. I. Ania dinous 
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dinous End pierced with a Hole, thro’ which 
as a Pully the Terdon of the other Mufcle 
paffes, and there forms an Angle, in which the 
Optic Nerve is contained, tho’ not’ compreffed 
or touched, becaufe of this Pully, which pede 
the Tendon back. 

From this curious Difpofition of the Mufcles, 
it is eafy to conceive, how this internal Eye- 
lid is extended over the Cornea far enough to 
cover all the Pupil, tho’ the Mufcles themfelves 
are contained in a {mall Space: Every Body 
knows, that the Contraction of all Mufcles is 
only ina certain giveti Proportion to their 
Length; and therefore that this Eyelid might 
be drawn far enough over the Cornea, Nature 
Was obliged to make ufe of a lone Mufcle, — 
tvhich could not be contained in fo {mall a 
Place as the Orbit, without being bended or 
inflected ; and therefore the firft Mufcle is bent 
upwards near the optic Nerve, making an acute 
Angle, where it pafles thro’ the perforated End 
of the other Mufcle, by which means its A- 
ction is greatly increafed. 

But its Action is yet more indroditay by the 
Contraction of the fecond Mufcle itfelf, which 
muft draw the Cord or Tendon of the other 
Mufcle which pafles thro’ it, thro’ a Space 
double of what it moves itfelt and thus the 
Membrana nidtitans is extended far enough to 
eover the whole Cornea, tho’ its pet até 
cpntqnie in a ripen: one | 
But, : 
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_ But, that the Difpofition of this Eye-lid, and 
the Mechanifm by which it ismoved, may be 
the better underftood, fee Pratel. Fig. 1, 
and 2. which I have caufed to be copied from 
Mont. PERRAULT. 

Fro. 1..reprefents four Globes of the Hyes 
of Birds, of which the two firft are feen from 
before, and the other two are fen from 
behind. . 

ABD. the ‘Membr ‘ane aakesinia this Eye- 

lid drawn back towards the great Canthus. 
AD its immoveable Bafe;. B the Extremity of 
the Tendon which draws this Membrane over 
the Eye;, EF G this fame Membrane extend- 
ed over the Eye by the Motion which the 
Tendon B makes: in) going’ to C in the firtt 
Eye, which is G in the fecond. 
- HIKGL the Eye feen from behind, in 
which the Membrane is drawn from over the 
Cornea, and brought into the great Canthus of 
the Eye. . H: the “End of the Tendon marked 
Band G; Lthe Origin of the Mufcle whofe 
‘Tendon paffes thro’ K to go towards H; IK. 
the other, Mafcle whofe Tendon is. pierced at 
_.K, to ferve as a Pully to the firft Muicle. 3 

NOP, the fame Eye feen frombehind, for un- 
der ftanding how the Mufcle O N, by contract- 
_ .ing, whilethe Mufcle Q contracts at the fame 

| tite, makes-the Tendon H move to. M; that is, 
from P to N, or, which jis the. fame thing, 
from Bto @, or from Rto\G, by which means 
pres - this 


rd 
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this Membrane is extended over the Cornea. 
And it. nuft be fuppofed, that, by its elaftic 
Contraction, it is drawn back into. the great 
Canthus, when thefe Mufcles ceafe to act. — 
Fic. 2. Reprefents this fame internal Eye- 
lid feparated from the Eye. AB the lachrymal 
Gland, C the Ductus lachrymalis opening upon 
the Eye.. ie shh a 
§ 19. This Eye-lid is of differenteColours 
in different Animals. The French Academifts 
have obferved, that, in the Chamois, or Gemp, 
which is a Quadruped of the Goat kind, it was 
red; and it is perhaps upon this Account that 
“ALBERTUS atlirms that the Chamois has red 
EV eSuL i ie fil< i . 
In the Lion, they tell us, it is black; and 
it is probable, that. the Reafon of faying that 
Lions do fleep with their Eyes open, is, that. 
without fhutting the Eye-lids, they can cover 
them with this thi¢k black Membrane, which, 
as in Birds, can extend itfelf over all the Cornea, 
as has been obferved by the fame Academifis. 
Some Creatures have this Membrane tran{- 
“parent, fo that it may pafs for a kind: of move- 
able Cornea thro’ which Objects are feen. 
This is particularly obfervable in Frogs, in 
whom alfo this Membrane is very ftrong, and _ 
fomewhat cartilaginous, for the better defend- 
ing their Eyes: For they being. amphibious 
Creatures, defigned to pafs their Lives in watry 
Places, which for the moft part abound with 
i | Plants 
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Plants endowed with»tharp:Edges ‘or Poirits, 
and the progreffive - Motion of ‘this “Animal 
being not by walking, but. by leaping, if his 
Eyes were not. provided with fuch-a' tranfpa+ 
rent Cafe, he muft either Shut them, and fo 
leap blind-folded, of, ‘by leaving’ ther open, 
muft run’ the Rifk of having the Corned cuit, 
pricked, of otherwife hwt; whéreds, by ext 
tending this Membrane’ over the Byés, the? 
are fecured from Danger,» while ati the fame 
time the Sight is not hindered.” ’'This Meat 
brane may be eafily feen, by: applying: ‘the Point 
of a Pinto the Byeofia'Frog,’ whilft his Head 
is held fteady ; for, to fkreen his Eyes: hhe-will 
prefently cover it therewith; and ‘afterwards 
withdraw it upota’ Removal of the fe sien 
Danger. 

In Cows, Part of this Meairanes 4¢ cartilagi- 
nous, as Sr ENO Obferves,' which in that ‘Crea- . 
ture ferves for facilitatin g its Motion, and for 
enabling it the better to gtiard and ‘defend the 
Eyes from being ‘hurt: by Thoftis ‘and. Buthes, 
‘from amonegft which they have fometimes oc- 
-cafion to gather their “ ood, as has been before 
obferved. | 

The learned Perrawnt; in his Mecanique 
ibs Animeaix, takes Notide; that, ia the Fith 
he calls the Morgaft, which is a kind of Galeus, 

this Eye-lid is fituated in the wnder Part of the 
Eye, from which it is raifed by onedingle Muf- 

ae and is again retravted by its own proper 
Fibres. 


. } 
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Fibres. , And I am: greatly miftaken, if the 
Cat has -not two of. thefe nictitating Mem- 
_ branes, one in each Angle of the Eye; which 
they can extend over their Eyes, fo-as. to meet 
in the Middle of the Cornea. . 1 -lad*oceafion 
_ to obferve this lately in a familiar Cat, which 
jumping upon my: Knee, I took | occafion to 
look at its Pupil,;and was furprized to feea — 
Membrane of a dirty white Colour, extend itfelf 

from each of the Canthi in the manner above 
-noticed..” This Cat being uncommonly tame, 
allowed me to keep its Eye-lids open with my - 
Fingers, and, when it, endeavoured,to fhut its — 

Eyerlids, I faw thofe Membranes éxtend them- 
felves:over the Cornea, fometimes more,) fome- 
times lefs, fometimes not at all, and fometimes 
fo as to cover the whole Cornea, and -meet in 
its: Middle... This unexpected’ Appearance 
made me at firft fufpect that I had) miftaken 
the Motion of the Uvea, by which the Pupil, 
which*in Cats is an erect Figure, is {hut and 
opened, for thefe Membranes ; and,therefore 
J examined it again, by which I was the more 
confirmed in what I had before obferved; nor 
do I fee how I could be deceived, tho’ my 
Sight\is not fo good now as it has. been; 
-_efpecially that the Uvea of Cats is of a bright 
yellow Colour; whereas thefe Membranes were _ 
of a dirty white, like the Skin of labouring © 
-Country-people. But leaving this to be further 
inquired into by Anatomifts, I fhall proceed. 
aided 3 ~~ CHAP, 


Chap. HI. © Of the Lachrymal Gland. 35 


kh bm 


Beer ee HA PS Ati s. 2 


. “ of the Glandula’ lachrymalis. 


Sect. I. PY the lachrymal Gland, T do not 
| J here mean that Caruncle or Car- 
nous Tubercle, fituate in the great Angle of the 
Eye, at the Entry into the lachrymal Sac, 
which by the Antients was called the Glandula 
lachrymalis, and whofe Ufe in Man is not fo 
much to furnifh the lachrymal’ Juice for 
moiftening and cleaning the Eye, as to keep 
the Punta lachrymalia, betwixt which it is 
placed, open, when the Eyes are fhut, and to 
- hinder the Tears from running down upon the ~ 
Cheeks at the great Angle of the Eye: But, 
by the Glandula lachrymalis, I underttand that 
Gland commonly called the Glandula innomi- 
nata, which is fituate behind the Conjun¢tive, 
upon the upper Part of the Globe, ina hollow 
Sinus formed in the Orbit itfelf, for the more 
convenient lodging of this Gland. : 
§ 2. This Gland is very large, and extends 
from the external Angle of the Eye to near its 
Middle; but it is not always exactly of the 
jame Figure. 3 | 
It is of the conglobate Sort, being made up of 
many fimple Glands, which are fo united 
together, 
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together, as to form as it were feveral Lobes, 
foriétimes nore; fometimes fewer:-From each 
Lobe there arifes a {mall Excretory, which 
opens upon the internal Side of the upper Eye- 
lid. Thefe. Excretories were firft, difcovered in 
Sheep and Calves, by that accurate: Anatomift 
Nico.taus SFEeNO, who alfo points. out the 
Manner. how they are to be found. (Ob/érvat. 
de Gland; Ocular. ) In the Eye of an Ox, Ihave 
frequently feen eight or nine fuch Excretories, 
each of which: was large enough to admit 
of a Hog’s Briftle: But in Man thefe Excretories 
are fo fmall, that their Cavity can fcarce be 
obferved, -and are like fo many finall Lines go- 
ing from.the Gland to the internal Side of the 
Eiye-lid where they terminate. 

§ 3. Some Anatomifts, Morcacni himfelf 
not excepted, have been fo fcrupulous, as to 
doubt whether thefe Lines are the Excretories of 
the .Glandula lachrymalis, becaufe of their 
{mallnefs, and the inyifibility of their Cavities. 
But with how little Reafon, appears from the 
Analogy! betwixt thefe Lines, and the Excretories 
of this Gland in Brutes ;, more efpecially, that 


there.is no other vilible Way how the Liquor 


fecerned in this Gland can be conveyed from 


it: We therefore conclude, that the Ute of this 


Gland is to feparate from the Blood that thin, 
tranfparent, faltifh Liquor called Tears, and to 
fend it by thefe line-like Excretories, which 
open upon the Infide of the fuperior Eye-lid, 

on pe 
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to the anterior Part of the Eye, for moiften+ 
‘ing, wafhing and cleaning it, which otherwife 
_. would foon dry, wrinkle and lofe its Tranfpa- 
rency, by the conftant Action of the Air, and 
the Duft, Smoke and Moats contained in it. - 
§ 4. This Liquor is continually, tho’ but 
in fmall Quantity, poured out upon the Eye, 
and, by the twinkling Motion of the Eye-lids, 
is equaly diffufed over the whole Cornea, for 
keeping. it moiit, clean and tranfparent; 
but, upon particular Occafions, when our Eyes — 
are any way darkened, or. fuffer any Pain or 
Itching, by being long expofed to drying 
- Winds, Smoak or Dutt, this Liquor is pour- 
ed out upon the Eyes in greater Plenty; be- 
caufé then, as has been before obferved, the 
orbicular Mufcle contracts witha more than 
ordinary Force, and, by prefling the Globe 
of the Eye inward, comprefles the /achrymal 
_ Gland, and exprefles the Liquor therein con- 
tained; and, when the Action of this Mufcle 
is not fufficient for exprefling a fufficient Quan- 
tity of this Liquor, then we rub our Eyes with 
our Hands, which prefles the Eye yet more 
inwards upon this Gland, and caufes it yield 
its. Liquor *in greater Plenty. Whence we 
may fee, why all. Animals, whofe Eyes are 
expofed to the Injuries of the Air, and who 
want Hands for rubbing their Eyes, are provi- 


ded with an interior Eye-lid, to which at the) 


great Canthus is attached a certain Gland of 
VOL. I. BS | the 
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the lachrymal Kind, which is peculiar to fuch © 


Creatures, and which opens by one or more 
Excretories upon the Eye, about the Middle of 
this Eye-lid; for this Eye-lid, by moving 
tranfverfly to and again upon the Eye, while 


the other Eye-lids {hut:and open, ftretches and _ 
agitates this Gland, and exprefles the lachrymal 


Juice contained in it, for wafhing and cleaning 
the Cornea as Occafion requires, and is a fuffici- 
ent Provifion for the Want of Hands, where- 
with Man and the Ape rub there Eyes upon 
the like Occafion, as has been before obferved. 


CORSAOPS ORY: 


Of the Punéta lachrymalia, Saccus lachrymalis, 
Ductus nafalis and Caruncula lachrymalis. 


Sect. I. FN the great Canthus of the Eye there 
| are two {mall Holes, large enough 


to receive a Hoe’s Briftle, called Panda lachry- 


malia, which, and the Paffage from them to 
the Nofe, however late the Difcovery may be 
thought, GaiLen was not ignorant of; as ap- 


pears from the 11th Chapter of his roth Book, a 


de Ufu Partium, where the following Words, 
as they ftand in the Tranflation, are remarkable: 
Que in palpebris funt tenia admodum foramina, 

Ath que 


» 
Ce a 
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que paulo funt extra majorem ar. peer ad nafum 
enim ufyue pertinent, °C. j 
§ 2. Thefe Holes are in thei inner Side of the 
; Bilis near their Edge, one in each Eye-lid: 
‘They lead to a fma il membranous Bag called 
the Saccus lachrymalis. a Bag is likewile 
fituated in the great Canthus behind the ‘Carun- 
cula lachrymalis, and lies upon the Os Unguis. 

_ From the Bottom of this Sac there goes a 
) {mall Pipe ot Canal, commonly calle ed the Dudius 
najiis, whichis nothing but a Continuation 
_ of the Jachrymal, Sac. It pierces the Os Jachry- 
male, and opens intothe Nofe under the upper 
Lamina of the Gs fpongiofium. The lachrymal 
Sac, together with this Canal, reaching be- 
twixt it and the Nofe, are nothing but an Ex- 
 tenfion of the inner Membrane of the Nofe, 
and therefore are glandulous as well as it; 
from which fome of the Phenomena happening 
in the Difeafes of thefe Parts might eafily be 
accounted for, werethis a proper Place for fuch 
Digreffions. 

The Caruncula.lachry bya 4 is likewife fituated 
in the great Angle of the Eye,-in the Middle 
betwixt the Punéta lachrymalia, buta little near- 
er the Nofe.. It was commonly called the Glan- 
dula lachrymalis, becaufe it was fuppofed, tho’ 
without Reafon, to filtrate the Succuslachrymalis. 

§ 3. In Brutes that have the Membrana midi- 
tans, or internal Eye-lid, it is much larger. 

| than 1 in Man, and is truly glandulous, ferving 
; to 
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to ae a Liquor from the Blood, which is 
fent by two or three Excretories to the inner 
Side of that Eye-lid, for moiftening and clean- 
ing the Cornea. In the Calf, thefe Excretories 
are large enough to admit a Hog’s Briftle, as 
VaxuEYEN well obferves, who therefore fu- 
fpects the fame Struéturein Men. But in Man 
no fiich Excretories are to be found; neither 
is their Texture glandulous, but of a denfe, com- 


pact, carnous Subftance, formed by the Con-_ 


junction and Duplicature of the Membrane 
lining the Eye-lids internally, as MoRGAGNI 
and others have obferved. 


‘Thefe Parts being commonly well enough 


known, I fhall not wafte Time in explaining 
them further; but fhall, in as few Words as 
poffible, inquire into their Ufe. | 

4. The lachrymal Fuice which continual: 
ly flows from the Glandula innominata, and 
which is poured out upon the Eye under the 
fuperior|Eye-lid, for wafhing and cleaning the 
Cornea, is, by the Motion of the Eye-lids, de- 
termined to flow along the Edge of the under 
Eye-lid to the great “Canthus. "The Mecha- 
nifm by which this is affected, tho’ commonly 
overlooked, is neverthelefs exceeding beautiful 
and induftrious, and confifts in the two follow- 
ing’ Particulars: 10, The Pofition of the 


Fye-lids is fuch, that the Angle which’ they | 


make, by their Conjunction at the external Can- 
thus, is much more acute than that made at 
their 
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their internal Canhus ; and therefore, when we 
fhut our Eye-lids, the whole of their Edges 
do not touch one another at once, but begin 
firft to touch at the external Canthus, where 
the Angle is fmalieft, and from thence they 
proceed fucceflively to touch one another thro’ 
their whole Length, till, laft of all, that they 
touch at the internal Canihus where the Angle 
is greateft. hat the Eye-lids do not fhut all 
at the fame Time, but fucceflively, in the Man- 
ner juft now mentioned, is not only obvious 
from the above explained Difpofition of ‘the 
Eye-lids, but may, without much Difficulty, 
be noticed, by obferving their Motion in a 
_ Lookine-glafs. Whence every body muft fee 
how this fucceflive fhutting of the Eye-lids 
muft neceflarily: determine the ‘Tears, which 
flow down the Eye, till they are ftopt.by the 
Edge of the under Eye-lid, to run along this , 
Edge towards the great Canthus; more 
_efpecially that this Canthus is fomewhat bask 
than the external one. 
ado, A fecond Thing that contributes to 
this End, is the Difpofition of the Edges of 
the Eye-lids themfelves, which, when fhut by 
the Contraction of the orbicular Muftles, do 
touch one. another very clofely. externally : 
Hut internally, at their inner Edge, they at 
firft do not at all touch, but leave a fort of 
Furrow on the inner Edge of the under Eye- 
lid, along which the Tears are’ prefled by the 
. further 


& 
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~ further Contraction of the orbicular Mufcle, 


which, by preffing the Eye-lids together with 
more Force, obliterates this Furrow, firft to- 
wards the external Angle, and thence fuccef- 
fively to the internal Angle, which, laftof all, 
is effaced. Thefe are the Reafons why the 
Tears are determined to run along the Edge 
of the Eye-lids to the great Canthus and why 


any Particle of Sand, falling into the Eye, is 


thereby foon carried to that Place, as all of us 
have often obferved. Hence itis, that, if 
any of thefe two Caufes are wanting, the Tears 
are not properly directed to the: great Canthus, 
but run down the Cheeks; as is frequently to 
be obferved, when the under Eye-lid has loft 
its Figure, or when its Edge is in any Part 
cut or corroded, foas to allow the Tears. to 
efcape. | 
From what has been faid, we hope all: may 


“ underftand by what Mechanifm the lachrymal 


Jifice, together with the Duft and Filth wath- 
ed off the Cornea, is tranfmitted to the great 
Canthus, where there is a {mall Cavity formed 
for their Reception; for in this Angle is pla- 
ced that carnous Tubercle called the Cermzcula 
lachrymalis, which, by its Protuberancy, hinders 


_ the inner Surfaces of the Eye-lids from apply- - 


ing themfelves clofely to the fubjacent Parts; 
and therefore there is a {mall void Space pre- 
ferved at the Bafis of this Caruncle, into which 
the Ekats are collected. 

§5. 
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§ s. The Ufe therefore of this Caruncle, 
is, Imo, To form and preferve a fmall Cavity 
in the great Cantlus for the ae of the 

lachrymal Juice. 

_ 2do, To hinder this Juice from running out 
upon the Face at the great Canthus, which it 
would certainly do, were it not ftopt by this 
Caruncle: For the Eye-lids; when fhut, do 
but flightly touch one another at their Conjun- 
ction in this Angle; -and therefore would eafily 
allow the Tears to efcape at the angular Point 
where they prefs leaft upon one another, did not 
this Caruncle intercept their Motion, as GALEN 
of old well obferves, in thefe Words: Ne igi- 
tur per angulos excrementum effiluat, neve affidue la- 
chrymemus, predictis meatibus corpora bec carnofa 
fuerunt appofita, que probiberent quidem, ne oculo- 
rum excrementa per angulos vacuarentur, ad proprios 
autem meatus impellerent. - Hence it is, that 
when this Caruncle is confumed, either by Sup- 
puration, or by the Corrofion ofacrid Humours, 

or Medicines imprudently applied, the Tears 
run out filthily upon the Cheeks all the Life- 
ume. 

3tio, A third Uke of this Caruncle, is to 
keep the Punéta lachrymalia open, which other- 
_ wife would be ftopt, by having their Orifices 
applied to the fubjacent Parts; for this Ca- 
runcle, as we faid before, by its Protuberancy, 
forms a fmall empty Space at its Bafis, into 

| which 
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which the Tears are collected. It is into this 
Cavity or Space the Mouths of the Punda la- 
chrymalia gape, which mutt therefore receive 
the Tears contained therein, and tranfmit them 
to the Saccus lackrymalis, from which they are 
carried by the Dudus nafalis into the Cavity 
of the Nofe. — 

.§ 6. There are fome aii in examining 
the Pofition and Courfe of this Pafflage from 
the Eyes to the Nofe, have thought it fome- 
what unfavourable for the Motion of the Tears 
that way; and therefore, to forward their Pat 
fage, they. have fuppofed, that the Puna 
lachrymalia, by Attraction, abforb the Tears 
into themfelves, in the ai manner as Wa- 
ter is attracted in capillary Tubes; and as this 
Apparatus, according to them, is analagous.to 
a capillary Syphon “with unequal Legs, the 
Tears attracted by the Points. flow in 
the fame manner out of the longer Leg 
which inheres in the Noftrils: But whatever 
be in this, the Motion of the Tears muft alfo 


be promoted by the Contraction of the orbicu- . 


Jar Muicle, which, by leffening the Cavity 
at the great Canthus, into which the Tears are 
- eollected, muft prefs them forward thro’ this 
Paflage towards the Nofe. 

Thus the Succus lachrymalis, together with 
the Filth wafhed off the Cornea, is conveyed 


to the Nofe, when in a natural Quantity; 


but when its Quantity is fo great, ds that all 
of 
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of it cannét pafs by thefe Pinca, as frequently 
happens upon atty violent Paffion of Mind, fuch 
as Grief, Atiger, Joy; dc. or when the lachry- 
mal Gland, or its Excretories, fuffet'any Re- 
laXation Or Irritation ;° or, lafly, “when this 
Gland 3 ftronely comipréfled by the Contracti- 
on of the afienae Mufelé of the Eyelids 
preffing itt the Globe of the Eye, when it is 
fretted by Smoke, Sarid,. or fuch like injurious 
Particles; I fay, when ftom any of thefe Caufes 
the lachrymal Juice’ is in fuch a Quatitity, as 
that all of it cannot enter the Panéfa lachry- 
malia, then it flows down ‘the Checks in form 
of Tears, | Sata. Senda | 
§ 7. From all which it is eafy to underftand 
_why the Acrimony of this Humour fometimes 
caufeth Sneezing ; which we can hinder, by 
prefling the Angle of the Eye, fo as to ftop 
its running. We may alfo fee, why, upon 
weeping, the Nofe drops a thin clear Liquor ; 
for in this laft Cafe, the lachrymal Juice flows 
into the Nofe, in as full a Stream as the fimall- 
nefs of the Pundta lachrymalia can allow ‘of; 
which therefore muit fall down from the Nofe 
in thofe thin clear Drops, which have efcaped 
no body’s Obfervation, From this alfo we 
may fee how Applications made to the Eyes 
get into the Nofe and Mouth, as Gaten has 
obferved ; and how fome can make Smoke pafs 
from their Mouth to their Eyes. We may 


from this alfo fee, how that famous Empyric, me 


Vou. I, G taken 
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taken notice- of by SpreEL1us, could purge. 
his Patients by dropping into their Eyes a 
few Drops ofa certain Eye-water,. which never 
failed. giving. them.two or three Stools, as 
PrEempPtus informs. us. And, laftly, from 
what has been faid, it’ is eafy to underftand, - 

why, in Difeafes of the Eyes, accompanied with. 

hot fharp, Tears, not only the Cheeks, but 
alfo the Nofe and Upper-lip are fo often galled 
and fretted by the fharpnefs of this Humour, 
which fometimes at laft excoriates them, and _ 
brings on a Scabbinefs in thefe Parts. | 
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hae the Situation of i the Bye 
sO EC Ts 1. ee A VING, in. as ite Com- 
ETE # pals as, the Subject would 
# allow,\.difpatched, what I 
honed, neceflary to be, faid on the external 
Parts. of the Fye, the Order propofed now leads 
me to,confider the Globe or Body of the Eye 
itfelf ; after. which, I: thall, from the known. 
| Properties of Light, deduce the Ufe of its We 
ra 
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ral Parts, and explain the Manner and various 
Phenomena of Vifion.’ ~ 


- ing its beautiful Oeconomy, I fhall confider 
thefe fix Things: >1f; Its Situation in the 
Body; a2d/y, Its Connection with the Orbits 
in which. it is plated3 3d/y, Its Ferm ;\ qzh/y, 
Its Number; $zh/y, Its Motions; 6zh/y, and 
fafily, Its Fabric and Compofition, 
§ 2. As to the Firf?; ‘The Situation of the 
Eye. In Man, as.“vell as in all other Crea- 
tures I know, the Eyes are fituate in the Head. 
Puiiny indeed, in his Natural Hiftory, makes. 
mention of the Blemmyans, a People in Athi- 
opia, having no Head, but having their Eyes 
and Mouths in their Breafts; he alfo makes 
mention of the Tragloditians, a People beyond 
Aisypt son the Welt-fide of the Gulf of 4 
vabia, whe-dwelt in Holes andCaves, and who 
havine no Neck, had their Fyes in their 
Shoulders: Which Fables I takenotice of, more - 
| | io72 for 
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forthe Reader’s Diveron, than any ‘Truth 
that-isin them, > 

The Reafons why the Eyes are placed in 
the Head, are: - 1/7, That they may be near- 
er the Brain, and confequently may, with 
ereater facility, convey the Images of external 
Objects to the common Senforium. Had they 
been placed at any confiderable Diftance from 
the Brain, the fmall Agitation excited in the 
optic Nerves, by the Action of fuch  fubtile 
Particles-as thofe of the Rays of Light, might - 
have been ftiffied, er in a great. meafure dimi- 
nifhed, before it couldreach the common Sen- — 
fory.. This therefore may be one Reafon why 
the Organs of all our Senfes, except)that of 
Feeling, are placed in the Head, as near the 
Brain as poflible, 

There was indeed .an abfolute Neceffity that 
the Senfe, of Feeling fhould have been. diffufed 
thro’ all ovr Body, that every Part might be 
apprized of Things fafe or prejudicial to it, from 
the Pleafure or Pain they afford; for had Na- 
ture confined this Senfetoany one particular Part 
of the Body, then all the reft would have been 
expafed to the Danger of being burnt, bruifed, 
torn, or otherwife hur t, without our Knowledge, 
upon a thoufand Occafions; which Inconveni- 
encies we are now warned to avoid by this 
Senfe of Feeling ; which is therefore witely dif- 
perfed throughout every part of our Bodies : But, 
becaufe 
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ibecaufeof: its Diftance from. qe Brain, as well ‘ft 


as for other Reafons not needful to'be' takeh 


‘notice of at prefent,: this’ Senfe'does not affect 


“our Seii/oritim, or iprefs. our Mind with any 
‘Ideas, but when 'the Nerves are more violently 
agitated by the Action of Bodies, ‘than wher 
Vhappens in the other Organs of Senfe. « 

By our ‘Senfe of: Peeling, we eafily: perceive 
-a Table,'a Book, a Pen, or fuch like grofs ma- 
terial Objects; becaufe they act upon our Neryes 
with’ Force and Vigour: ‘But we do not there- 
“by atvall perceive the Rays of: Light) ‘the? Par- 


“ticles ‘of odoriferous. Bodies, ‘or the: Motion ‘of 


the ‘Air2im°Mufic or’other Sounds;\ becaife, 
amoneftjother Reafons, the: Impreffion they 
make upon the Nerves’of that ‘Senfe and the 
Agitation thereby excited, is fo weaks that it 
fsa ltogether ftiffled and loft before it can reach 
the Senforiwm. © But all’ thefe Impreffions, re- 
oceived bythe proper Organs of Sight, Smelling, 


‘and Hearing, are eafily conve yedt to the Brain, | 
-becaufe of their Proximity to it; which there- . 


#fote may be one Reafon why the Hyes, as well 


vas‘the other Organs of /Senfe that'are. affected - 
by the Impreflions of a fubtile Medium, are 


placed i in.the Head near the Brain. © °° 4 
§ 3+ Secondly, Another Reafon why the Eyes 


-are “placed in ‘the Head; is, becaufe'it isthe 


-mottereand eminent Part ofthe Body. 
| ae vse meee in the Poot, orany-Part below 
SHED Oe apes ae 
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the Head,;, our,.Sight, would. haxe’ been), very 
much limited and confined); , But by, this.Sita- 


“ation we can.caft our Eyes: upw ards; downwards, 


-and round. about us. at pleafure, and; entertain 
—ourfelves with a glorious Hemifphere- of. the 
Heavens, and an ample: Horizon on Earth, 
at the fame time. Inthe Hands, , they. might: 
_ indeed, (in Man), be., rendered ..more jeminent 
~ than in the Head, and be tumed ‘about, here 
 and..there at, pleafiare ; but then, they, would 
be -expofed to many Injuries in thofe. active 
Parts, and the Hands. themfelves would; have 
been rendered lefs active and ufeful. \..... 

If any fhould be fo curious as to defire to know | 
how far.a Man’s Profpect reacheth by, means 
of the Height of his Eye, fuppofing the Earth 
was an uninterrupted Globe; the Method. is-a 
common Cafe of Right-angled plain Triangles, 
where the Hypothenufe, and one of the. Sides 
are given, -and;the other is fought.» ..., Qo 

Thus fuppofe (Plate I. Fig. 3.) AHB the 
Surface of a great Circle of the terraqueous 
Globe, C the Centre, the Height of the Eye. 
‘Draw..the Line CE, and from, the, Point E 
draw the Tangent E H, .and join C.andH.. It 
is plain, that when the. Eyeis placed at E, its 
Profpect will extend to. H, whofe Diftance from 
E is eafily found from the .47th Prop. of the 
_ firft Book of Euclid; which demonttrates, that 

in Right-angled Triangles, the Square) of the 
FAROE 
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Hypothenufe is equal tothe Sum ofthe Squares 
of the other two Sides. And therefore, in the 
Right-angled Triangle CHE, the Side EH, 
or Extent of a Man’s Sight, is found, by 
fubtrating the Square of CH from the Square 
of the Hypothenufe C E.; the Remiainder pives 
the Square of EH, whofe Square-root being | 
extracted, gives the Line EH, or Extent of 
ae Vana SRO OE ee en tee poll 

The Line C H, being the Semidiameter of 
the Earth, is known from thofe accurate Ob 
fervations of a Degree made by Mr Nok MAND 
in England, and Meff. Prcart and Casstnt 
in France, to be nearly 3983 ,86 Englifh Miles, 
or 7o1r594 Yards: The Line CE is the fame 
with the Addition of two Yards for the Height 
of the Eye above the Surface of the Earth, 


of 7011596 Yards, and therefore is alfo known: 


from which, according to the above Method, — 
the Line E H is found to be equal to three Miles, 
which isthe Diftance the Eye can reach at 
the Height of fix Feet. A aes 
--§- 4. This would be the Diftance on a per- 
fect Globe, did the vifual Rays come to the 
Eye in a ftreight Line ; but by Means of the 


Refractions of the Atmofphere, diftant Objects 


on the Horizon alwaysappear higher than real- 
ly they are, and therefore may be feen at a 
greater Diftance. But this will vary accord- 
ing to the various Conftitutions of the Air; an 

| Object 


‘ae, 
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Object which at ‘Break of Day has appeared 


_ im the ‘Level, and fometimes above it, has 

 aftetwards, when the Sun was up, appeared. 

 bélow it; and, on the contrary, after the 
Setting” df the Sun, Objects far diftant have 
appeared to be raifed fo fenfibly, that in le& 
than half an Hour their apparent ‘Height has 
been atigmented more than three Mintites, 
by reafon of the Condénfation and Defcent 
of the Vapours, which increafe the Refraction: 
On the'Sea, this Refraction is yet greater than 
upon Land, by which we are enabled to dif | 
cover Objetts at amuch creater Diftance than 
the Convexity of the Sea “ought to permit, and 
even ata’ greater Diftance than upon Land ; 
which~is of great’ Ufe to' difcover the Land, 
Rocks, dv. which otherwife might not be sul 
ferved' till it was too’ late ; and “thus, by the 
Refraction’ of the Atmofphere, the: vifible 
Horizon is: enlarged, which is all one'as if the 
terraqueous Globe was much larger than really 
pets: 

§ Bo Thirdly, ad lafily Another Re Hi 
why the’ Fyes are fituate in the Head is, That 
itis the moft convenient Place for their De- 
ferice anid. Security, being compofed of ‘hard 
Bones; wherein are formed. tivo large ftrong’ ~ 
Sinufes ot Sockets, cortmonly called. Orbits, | 
for the convenient lodging thofe tender Or 
gans, and fecuring then deaintt éxternal Inju- 

oy dea vp B ia : ries, 
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ries. Hence it is, that in thofe Creatures whofe 
Head, like their Eyes. and the reft of their 


Body, i is foft, and without the Guard of Bones, 


Nature hath provided for this neceflary and 


tender Organ a wonderful kind. of Guard, 


by endowing the Creature with a Power of with- 


drawing its “Eyes into its Head, and lodging . 


them in the fame Safety with: its Body. We 
have a beautiful Example of this in Snails, 
whofe Eyes being contained in their four 
Horns, like fo. many atramentous Spots, fitted 
to the Ends of their Horns, or rather to the 
Ends of thofe black Filaments or optic Nerves 
which are. fheathed in. their Horns, (as 
Dr. Power wordeth it (O2/- 31. Pag. 36.) they 
can protrude or retract them at Pleafure, as 


they have occafion to ufe or guard their Eyes. 


§ 6. If it thould be afked, Why our Eyes 
are placed in the Fore-part of our Head, rather 
than on the Top of our. Head,. or behind? Ie 


is eafy toanfwer, That, had they beenin. the - 


Top of our Head, we could then have feen 
- the Heavens inaneds but the greateft Part of 
vifible Objects here on the Earth would have 
been hid from us. And with regard to Brutes, 


their Nature is altogether repugnant to fuch a» 


Situation ;.as they gather their Food from the 
Ground, each their Sight in that Cafe could 
not ste, reached. In Tike manner, had our 
Eyes been placed behind, they could not have 


vaflifted — 
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’ affifted us to walk forwards towards any Ob- 
ject, orto avoid the Dangers in our Way. It 
is therefore with good Reafon that the Eyes of 
all Animals ar efituated in the For e-part or Side- 
parts of their Head, according to the particu- 
lar Occafions of particular Animals. In Man, 
and fome other Creatures, they are placed 
towards the F. ore-part, to look directly forward 
chiefly; but withal they are fo ordered, as to 
take in nearly the whole Hemifphere before 
them ; which is evidently the beft Situation 
that could poffibly have been given them, for 
enabling us to guide and direct our Steps, to 
avoid the Precipices and Dangers in our Way, 
and to fee and examine the Objects before us, 
towards which we are moved, and towards 
which our Hands are made to extend. | 
In Birds, and fome other Creanures, the: 
Byes are fo feated, as to take in nearly a whole 
Sphere, that they may the better feek their — 
Food, and efcape! Dangéts. And infome.Crea- 
tures they are feated fo, as to fee beft behind 
them, or on each Side; whereby they are ena- - 
bled to fee their Enemy that purfues them that 
Way, and fo make their Efcape. Thus, in Hares 
and Conneys, their Eyes are very protuberant, 
and placed fe much towards the Sides of their 
Head, that their two Eyes take in nearly 
awhole Sphere ; whereas in Dogs, that purfue 
them, 


. / 


60 Of the Couneétion of the Eyes. - Book Tle © 


es 
~ 


~ 


them, the Eyes are fet more forward in the 
Head, to ook that Way, more than backward. 
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, Of the Connection of the Eyes.” 


DECT. 1. UR Eyes being placed in the 
‘Fs _# Orbits, are kept in that. Situ- 
_ ation by their -Mufcles, the optic Nerves, and 
the Fat lining the Orbits; to all which our 
Eyes are attached. But that which chiefly 
connects the Eyes to their Orbits, isa Mem- 
brane called Cowjundtiva or: Adnata. 
therefore I thall here only confider, omitting; 
the others, which being lefs concerned in this 
Matter, fall more naturally to be confidered in 


another Place. 


This 


§ 2. The Conjundéiva takes its Origin from 
the Periofiewm, all ronnd the Edge of the~- 
Orbit, and from thence is extended over the 


whole Fore-part of the Globe, till its Termina-..- 


tion in the Edge of the Sc/erotica adjoining to 
the Cornea, where of confequence it formsa 
large Hole for the tranfparent Cornea, thro’ 
From its 
. Situation, it is called Advata, and from its 


which the Iris and Pupil are feen. 


Office, Comundtiva. 
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— . § 3. This Membrane is nothing but a Con- 
- tinuation of the Periofleum liming the Orbits 
internally; It is covered externally with an- 
_ other Membrane; for, as is known to Ana- 
tomifts, the internal Membrane of the Eye-lids 
at the Edge of the Orbit, folds back again 
over the outward Face of the Eye above the 
Conjundiva, to. which it. adheres, and with 
which it terminates at the Edge of the .Scle- 
rotica, where-the Sclerotica joins the Cornea. 

Thefe two Membranes,. becaufe of their 
clofs Union, appear to be only one, and are 
generally defcribed as fuch, under the Name of — 
Membrana albuginea, fo called, becaufe they 
form the White of the Eye; tho’ in fact they 
are diftinét Membranes, the one a Continuati-. 
on of the Periofleum, lining the Orbits internal- 
ly, and. the other of the inner Membrane of the — 
Hye-lids, which, notwithftanding their {trict 
_ Union, may: eafily be feparated, and have their 
diftinc& Origins clearly demonftrated. 

§ 4. If it fhould here be afked, For what 
Ends thefe Tunicles are made always of a 
fhining white Colour? It may be fufficient 
to anfwer: firfi, That fuch a Colour adds great- 
ly to the Beauty of the Eye and Countenance; 
and, fecondly, ‘That, by furrounding the Pupil 
and Iris, this Colour, by its Oppofition, renders 
them more bright and confpicuous, by which 
Means we are better enabled to judge of the 

oe ee <5 Directing 
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Direction of the Eyes, and when’ any body | 
Jooks at us; which in many cafes is of con- 
fiderable Ufe to us,-and which could not be 
fo eafily known, were our Eyes all over of the 
fame Colour; as has been well obferved_ by 
that learned Mathematician, and great Phi- 
lofopher, Joannes Krprerus. Hence, in. 
Dogs, and fome other Creatures that have the 
Fore-part of their Eyes moftly of the fame Co- 
‘lour, it is extremely difficult for us’ to judge 
towards what Obje& their Eyes are turned, 
efpecially if they be at any confiderable Di- 
ftance from us. 

§ 5. Thefe Membranes, efpecially the CX 
ternal one, coming from the Eye-lids, arefo- - 
full of Blood-veflels, and fo laxly ‘extended 
over the Eye, that in violent Ophthalmia’s, the 
White of the Eye is fometimes fwelled fo excef- 
fively, as to cover all the Cornea; which I 
here take Notice of, becaufe it is ready not 
only to furprife, but to impofe on the unwary’ 
or unexperienced -Oculift, as if it were an. 
incurable Excrefcence of the Cornea itfelf; 
whereas the Danger of fuch Ophthalmia’s lies 
not fo much in the fwelling of this Membrane,’ 
as in fome of the ‘other. Parts of the Eye, 
which, when affected at the fame time, makes 
the Difeafe more or lefs dangerous, according 


as this or the other Part is more or. lefs affect- 


ed; all which may be known by the Sym- 
| ptoms, 


~ 
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ptoms, and is of the oreateft Ufe to be obferved 


in Practice; as might eafily be fhown in a 
Variety of Cafes, were this a, proper Place for 


_ fuch Inquiries. 


§ 6. Befides thefe two sIonbomes the 
Fote-part of the Globe is covered-all over ex- 
ternally with a very thin tranfparent Aponeurofe 
or Surpeau, which not only covers the.Mem- 
brane which it has from the Eye-lids, ‘but is 
alfo extended beyond it over the Cornea itfelf. 
The Phlydene, which are {mall tranfparent 

_Vedficles, full of clear,,Water, and which: are 
frequently. obferved ‘upon the Surface. of: the 
Cornea itfelf, as well as upon the White of the 
Eye, .and even fometimes have their Centre in 
fome Part of that Circle of the Cornea where it 
joins the S¢/erotis; and by that Means occupy 
at the fame time, both a Part of the White of 
the Eye, and a -Part of the Cornea, are, a- 
moneft other Things that might be. adyan- 
ced, a convincing Proof. of the Exiftence ‘of 
this Cuticle: or Surpeau, and of its, dastention 

over the whole Cornea.’ .: | 
This Cuticle feems to. me to be a Pr elit 
on of the Epidermis,. orScarf-fkin, which. at 
the Edge. of the Eye-lids folds inwards, fo 
as to cover the. Infide ofthe Eye-lids, ‘and at 
the Edge of the Orbit, folds back again over 
the whole outward Face, of . the Eye. The 
Exuvie of Serpents, which are obferved to be 
one 
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one continued: Membratie that covered theit — 
whole: Bodies, their Eyes, as welli as: the reft 
of their Body, is, amoneft other Things 
that might be mentioned, a pretty ftrong 
” Proof, not any of the Extention of this Cuticle 
ever the whole Cornea, but alfo of its being 
| yh epee of the Eptidarnase. $2 
-- § 7.0 There is’ yet ‘another Tinivle covers 
ing’ the Fore-part of the Globe, and con- 
— necting it to the Orbit, which had- efeaped 
the Obfervation. of mof Anatomitfts, © till 
CoLumsvus took: Notice of it; and’ which 
therefore, it is-probable, had' been’ confidered 
as a Part-or Pellicle of the Conjunétiva, from 
which neverthelefs itis quite diftina. 
_- This’Tunicle arifes from the Tendons of the 
four ftreight Mufeles\of the Eye, and ‘expand 
ine itfelf over the Fore-part: of the Globe, 
betwixt it andthe Conunéiva, to both which 
it adheres, it terminates at the Edge of the - 
| Sclerotis, where it forms the Cornea. CoLum- 
Bus aflumes the Honour of being the firft Dit 
coverer of this Tunicle, to’ which -he has 
 givensno Name. Henee it is frequently called 
Tunica Innominata’ Columbi; the’ unjuftly, 
becaufe it was knownto GALEN, as appears 


fromthe 2d° and°8th Chapters’ of -his tenth _— 


| Book Dé ufu-partium. - Others-therefote, with 
better Reafon, call it‘Tunica Tendinea; becaufe 
formed of the Tendons. of : the four ftreight 

| Mutcles, 


{ 
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Mutcles, of which it is an i eatbanu(icry or A- 
poneurofe. Fasricius ab Aquapendente is 
of opinion, that the Conjundéiva has its 
; fhining Whitenefs from this tendinous Coat. 
But in this he has been refuted by PremPrus, 
who having feparated thefe Coats, found the 
Conunttiva of the fame fhining white 
- Colour it had before Separation, and which 
being opake, can receive no Change of Colour 
from this tendinous Coat lying behind it. 

It is by thefe Membranes chiefly that our 
Eyes are connected to their Orbits; and being 
foft, flexible and yielding, they do it in fach 
a manner as not in the leaft to impede their 
neceflary Motions. 


CHAP. IU. 
‘ | Of the F Orin of the Eye. 


Sect.1.  N all Animals that I know, the 

| _L Eye is of a round globular Form. 
Tn Man and, Quadrupeds it is almoft an exact 
Sphere; but in Birds and Fifhes it is flat 
and depreffed, both in its fore and back 
Part, and -is rather Apher oidal than {phe- 
Tical. 
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§ 2. This round Figure is of all others. 


the moft commodious for the Motion of this 


Crgan;. for all its Parts being nearly at the. 
fame Diftance from its Centre, none of them, 
can {trike againft any Part of the Socket, or 
of the Fat which lines it,, when the Eyes 
are moved; and therefore, by this Figure, 
our yes are. well prepared to move every 
Way the Situation of Objects can require. And,. 
Secondly, By this Figure, our Eyes are beft 
fitted to contain the Humours within, and to 
receive and refract the Rays of Light comin 
from Objects without, fo as to form a Picture. 


of them on the Bottom of our Eyes, for cau- — 
fing Vifion. This fcarce needs any Proof ~ 


or Illuftration; it being obvious, that, were it 
not for the Convexity of the Corvea,the-Rays 


could not. be made to converge fo asto pafs — 


the Pupil, and form this Pi€ture upon the Re- 
tina; as will appear more fully from what is 
to follow concerning the Manner of Vifion and 
the Ufe of the feveral Parts of the Eye; which 
_ I fhall not now anticipate, but fhall only'no- 
tice what the famous Fryar Bacon has faid 
on this Head. His Words are: «* Nam fi effet 
plane figure, fpccies rei majoris oculo non poffet 
cadere perpendiculariter fuper eum. ~Cum ergo o- 
culus videt magna corpora, ut fere quartam 


Celi uno afpectu, manifefium eft, quod non po- 


teft effe plane figure, nec alicujus nifi fpbarice, 


 guonvans 
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gquoniam “fuer TOS parvam poflunt cadere 

perpendiculares infinite, que a magno corpore 

veniunt, et ‘tendunt in centrum [phere : Ex fee 
magnum cor pus poteft ab oculo parvo videri. Yor 
the Demonftration of this, he hath given us 
a Figure in his Perfpeétives, which | fhall not 
now confider. But, 

Thirdly, To thefe Reafons for the Spherici- 
ty of the Eye, I fhall add another, which 
is feldom attended to by Authors, viz. That 
the Diftance of the Reziza or immediate Or- 
gan of Sight from the cryftalline Humour, 
‘may be every where fuch as is necellary for 
receiving the’ Rays of Light which come 
from’ all the Points of the Object in their 
Focus. . Every body knows, that: there can 
be no diftin& Vifion, unlefS all the Rays 
which enter the Eye from the feveral Points 
of the Object be united by the Reflection of 
the Humours in fo many diftin¢ét Points in 

the Bottom of the Eye; and therefore, was 

. the Eye a Cube, or of any multangular Form, 
fome Parts of the Retina would be too Ar 
off, and fome too nigh, theferefracting Hu- 
mours, and fo could not but receive the fe- 
veral Pencils of Rays, fome before they meet 
in the Focus, and others after they meet, 
which would render the Images of Objects, 
and confequently Vifion, very confufed and 
te fie But, by means of the {phericai 
| Fig ig Oure 
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Figure of this little Organ, the Humours. are 
not only commodioufly laid together for -per- 
forming their Office of Refraction, but all the 
Parts of the Retina are placed at\a due ;focal 
_ Diftance behind the Chr yftalline 5 ; which there- 
fore mult regularly receive the Images of 
Objects from. without, and by tranfmitting 
them. to the Senforium, prevent that confufed 
and indiftin®& Vifion, which would neceflarily | 
happen, were the Eye of any other Figure. 

» But for a full Demonftration of this Point, 
I mut refer to Opticians, who have demoti- 
f{trated, 1mo, Thatif an Arch of a Circle de- 
{cribed upon the Center of thie Eye’ be looked at 
for an Object, its Image behind the Chry/talline 
will be a fimilar concentricArch, whofe Length 
will be to the Length of the Object in the 
Ratio of their Diftances from the common 
Centre. -24,-Ifa ftreight Line cutting the 
Axis of Vifion at right “Angles be. looked at 
for ‘an Object, its Image behind the Chryfial- 
line will Be the Arch of an Ellipfis, whofe 
Axis coincides with the Axis of the Eye. 

From thefe Propofitions, which I muft not 
. {tay to demonttrate, it is obvious, that ;when 


_ ‘the vifual Object is convex, its Image behind 


othe Chryfialline will, bean Arch ‘whofe 
Curvature muft be greater than.either that of 
a Circle or an Ellipfis. From all which, it is 
extremely plain, that Objects of all Figures 

) . are 
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are feen the more diftinGly that the’ Eye 
are fpherical, and confequetitly that this Figiire 
is the very beft that could. have bea eee 
to our Eyes. | OW, 


oH APS! Ty. 
Ui the Number ~ if the Pye 


Sep. ee NOTH ER thing remarkable 
| A in this noble Organ, is. its 
Number, which is never lefs than two in any 
‘Inftance that 1 know of, and in fome it 1s 
“more. 
 -Priny indeed, in. his Nei ‘Hi iftory, 
(Book 11. Chap. 37-). tells. us of a Sort of 
Heron withbut one Eye: Inter aves.(fays.he) 
ardeolarum genere, quos Leucos vocant, altero 
-oculo carere tradunt. "Thefe are PLiny’s own 
Words; but not having feen it ‘himfelf,- he 
‘Teports it only from Hear-fay, and thetefore 
the Account is thought fabulous; as. likewife 
‘what he tells us in the . 30th: Chapter of . his 
34 ‘Book, concerning, the King of the Nigre 
that hath but one Eye, and that in. his Fore- 
“head. | 
eas 
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§ 2. The Advantages of having two Eyes 


are, by the generality of Anatomifts, _ confined 


to Two. 


t/t, That the Sight may be rendered Bes 


{trong and perfect; which indeed is a very 
good Reafon in Man, Dogs, Sheep, Oxen, 
and fuch other Creatures as look the fame 
Way with both Eyes; for fince-each Eye 
apart impreffes the Mind with an Idea of the 
fame Object, the Impreflion muft be ftronger 
and more luminous, when both Eyes concur, 


than when only one; and confequently the | 


Mind will receive a more ftrong, lively 
_and perfect Idea of the Object in View. 


§ 3. To be affured that Objects’ appear 
brighter and ftronger’ to both Eyes than to 
one alone, and to find to what Degree this — 


-Excefs of Brightnefs amounts, the learned 
Doctor Juritn has made feveral curiots Ex- 


- periments, which I fhall here relate, and that _ 


the rather, that. it may be imagined that an 
Object feen with both Eyes fhould appear twice 
as bright and luminous, as when feen only 
_by,..one ; which neverthelefs is contrary 
to Experience. ‘The Experiments are as fol- 
lows : | aie 78 mie 
I laid a Slip of clean white Paper direétly 
before me upon a Table, and applying the 
Side of a Book clofs to my right Temple, fo 
as the Book advanced confiderably more for- 


ot a 


ward © 
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ward than my Face, I held it in fach manner 
as to hide from my Right-eye that Half of the . 
Paper, which lay tomy Right-hand, while the 
left Half of the Paper was feen by both Eyes 
without any Impediment. 

Then looking at the Paper with both Eyes, 
Tobferved it to be divided from Top to Bot- 
tom by a dark Line, and the Half of. the 
Paper which lay to the Right-hand ‘of this 
Line, to appear confiderably darker than 
the Half which lay to the Left-hand. 

In looking at other Objects in the fame man- 
ner, as at the Wainfcot or the Cieling, I con- 
- ftantly found that Part which was feen by one 
Eye only to appear manifeftly darker than that 
- which was feen by both Eyes: And when the 
Book was applied to my left Temple, inftead 
of the right, the fame Difference was obfer- | 
ved; which fhewed my two Eyes to be of 
‘equal Goodnefs. 

Whea I looked in this Manner upon a Page 
of a Book divided into two Columns, ‘I found 
the Column that was feen with both Eyes to 
be much plainer and more legible than that 
which was feen with one only; “and this Differ: 
ence was more confpicuous, when, in making 
the Experiment by Candlelight, the Book 
was at fuch a Diftance from ‘the Candles, as 
_ that there was fcarce Light enough to read 

with both Eyes: F or then the Column which 

was 


— 
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was feen, with one Eye only, was not at — 


all legible; but I could read the other, 
tho’ with, fome Difficulty. ee 

- Being. now fully fatisfied, that an Object 
feen with both Eyes appeared brighter and 
ftronger than when viewed with one; I 
next endeavoured to find to what Degree 
this Excefs of Brightnefs. amounted ;. particu- 
‘larly whether there was as much Difference. 
in the Brightnefs of an Object when feen 


with one Eye and. with both, as when 


illuminated by one Candle and by two. 

. To this End, I fet upon a Table two Can- 
dles of equal Height, and burning to Appearance 
with equal Light, at about a Foot. Diftance 
beyond a Slip of white Paper lying before 


* me, and about four. Inches from one ano- 


ther, fo-as that the Diftance between the 


Candles, was parallel to the Slip of Pa- 


per. / 
Then. I fet a Book upon one End be- 


tween the Right-hand Candle and the Pa- _ 


per, fo as to caft a.Shade from that Can- 
dle upon the Right-hand Half of the Paper : 


Thus ‘the left Half of the Paper was illumi- 


nate by two Candles, and the right by 
one only; -confequently the left Half was 
twice as luminousas the right;. and the 
Boundary between thofe two Halfs was 
Hides 6 pretty 


neDahiarpreicete- 


p *-. ~~" 
eye om | 
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pretty "well defined by the Edge of the 


Shade: , | if. 
I then took another Book, and applied it 
- to my left Temple in fuch a Manner as ta | 
hide the left and brighter Half of the Pa- 
per from my Left-eye; fo thatthe left Half 
was feen by my Right-eye only, while. the 
other Half was feen by both Eyes: Now. 1 
expected that the right Half of the Paper, 
having the Light of one Candle only thrown 


‘ 7 


upon it; but being feen with both Eyes, .— 


would appear as luminous as: the left Half, 
which had twice as much Light caft upon 
it, but was feen by one Eye only. In which 
I found myfelf miftaken’; for the left Half: 
appeared much whiter and- brighter than 
the right: Confequently an Object feen with — 
both Eyes is nothing near twice as luminous, 
- as when feen with one only. se 
Being defirous to know the. Quantity of 
this Excefs of Brightnefs. more exadly, I 
- fixed a Slip of white Paper flat againft the 


Wainfcot by the help of Pins, and, ata Yard . © 


Diftance, I fet a Candle fo as. that the Flame 

‘was about the fame Height with the Paper, 
and nearly oppofite to the Middle of. it, 

but rather inclinify to the right Side. At 

two Yards Diftance from the Paper, I placed - 

another Candle, with its Flame at the fame 

Height, and oppofite to the Middle of the 
OVOL. Jt. | K og LEP 
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left Half of the Paar Then I. fen up at 


Book fo as to cut off the Light of this fecond 
Candle from the - left Half of the Paper ; 


which Half therefore being illuminated by one — 
“Candle only, appeared confiderably darker — 


than the right Half of the Paper on which | | 


both Candles fhone without Interruption. 


The Difference in the Brightnefs of the two: 


‘Halves of the Paper is eafily eftimated, by 


_ ‘confidering that the fecond Candle, being at °_ 


‘twice the Diftance; muft throw upon the right 
Half of the Paper jut a Quarter of. the Light 


that was caft upon the fame Half by .the 


nearer Caridle; and confequently that the 
luminoufnefs of the right Half of the 


Paper was to that of the left Half, as s five to 


‘four. 


Things being thus difpofed, and the Candles 
burning with equal. Brightnefs, I applied a_ 


Book £0 my right ‘Temple, fo as to hide the 


right Half of the Paper from. the Right-eye; 
then looking at the Paper with both Eyes, — 


“the right Half of it, which had five Degrees 
‘of Light, ‘and was feen by the Left-eye only, 

appeared mianifeftly whiter than the left Ha f, 
which had four Degrees of Light, and was 
‘feen by both Eyes. “Confequently, an Object 


feen with both ‘Eyes is not a Quarter Part 


‘more luminous than when feen with one 
“only. aye 


Pic 4 
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“After. the fame Manner, - by fetting the fe-. 
cond Candle. at three Yards Diftance from 
the Paper, I found that the right Half -of 

» the Paper, which then had ten Portions of : 
Light thrown upon it, and was feen by one, 
Eye, appeared fomething w hiter’ than the left. 
Half, which was illuminated by nine Portions 
of Light, and was feen by both Eyes. 

When I removed the fame Candle one foot 
further, fo that the Diftances of the two. 
Candles from the Paper were refpectively as . 

- gand 10, and confequently thé Quantities of” 
Light they threw upon the right Half of the 
Paper were as too and 9 refpettively, 7. ¢... 

nearly as 11 to r; the right Half of the Paper 
{een with one Eye only, feemed {till a little 
whiter than the left Half feen with both. 

When the fecond Candle was fet at the 

-Diftance of four Yards from the Paper, the ~ 

right Half of the Paper feen’ with one Eye, 
appeared a little darker than the left Half feen 

_ with both Eyes. | 
Hence it. follows, fivat when the fecond’ 
Candle is about rr Foot diftant from the: 
Paper, the right Half feen with one Eye, 
and’ the left Half feen with both Eyes, mutt 
appear of an equal Whitenef. Confequently, 

,an Object feen with both yes appears 
brighter than when feen with one only by 
about a1r3th Part; but it would be difficult 

to 
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to. make the Experiment exactly. So. far 


| Dr. JURIN. 
§ 4. Secondly, A Second Advantage we 


reap from the Number of our Eyes, is, that 


< ‘ 


when one of them is loft or hurt, the other 
fill officiates; which is a moft ufeful Provi- } 
fion for the Misfortune of lofing one of thofe: oa 


noble and moft neceflary Organs. But, 


§ 5. Thirdly, To thele two Advantages, 
Optical Writers add a zhird, that we Teap 
from the Duplicity of our Eyes, which is no. 


lefS confiderable than any of the former, “and 


confifts in our being thereby enabled to judge. 
with more Certainty of the Diftance of Ob- 
jects. I fhall afterwards have occafion to 
explain fix Means which concur for our’ 
judging of the Diftance. of Objects, of. al 


which the moft univerfal, and frequently th 


moft fure, is the Angle witch the Optic oe 
make at that Point ‘ofthe Object to which 
our Eyes are directed: When this Angle is 
very great, we fee the Object very near; and, — 
on the contrary, when it is very: fal we 
fee it at a great Diftance; and the Change. 
“which is made in the Situation of our Eyes, 


according ta the Change of this Angle, : is 
a Mean out Mind makes ufe of for to judge 
‘of the Diftance and Proximity, of . Objects: 
For our two Eyes are like two different 
Stations in Longimetr y, by the Affi are of: 
W lich 
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which Diftances are taken ; whence it follows, ) 
that Creatures that’ look differently. with their . 
Eyes, : as Fifhes, F owls, the Hare, Chamelion, 
- &¢. cannot judge of . the Diftance of Objects 
rom this Angle, and therefore muft be more 
liable to Miftakes than we are; yet Nature 
has provided them with two Ey es, that their 
Sight might not be too much limited, but 
that they might fee Objects equally well. on 
both Sides, and thereby be, better enabled, to 
feek their Food and efcape Dangers. . Whence 
alfo it follows, that, thofe who, are blind of one. 
Eye, muft be liable to. Miftakes in all A@tions 
that require that. the Diftance. be exactly, 
diftinguifhed, as in pouring, Liquor inte a 
Glals, fnuffing a Candle, threading a Needle, 
- dec. .of which that great Improver of natural, 
Knowledge, the famous Mr. Bovis, has, 
giyen us feveral Inftances in his Obfervations, 
upon vitiated Sight, He has indeed obferved,, 

that this Aptnefs to misjudge of Diftances and. | 
Situation gradually.. diminithes; the Reafon.. 

of which muft be, that by Uf and Cuftom 
they gradually learn to make a’ better. Ufe of 
the other Means for . judging. of Diftances.. 

But it is impoffible they can ever come to 
judge.as well of them with.one Eye, as they 
did with both. . 

 § 6. As in all Animals the Number. of their 
| Eyes. is never lefs: than two, fo in fome, | 
Creatures 
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Creatures it Is more; and this always happens ee 


when ‘Nature hath denied any Motion a ae 
tothe Head or the Eyes; which is a very 
wonderful: Provifion fhe hath’ “made for the 
Immobility of ~ thefe Parts. - We have a: 
beautiful Inftance of this in‘ Spiders, who 
having no Neck, cannot move their Head,’ 
but have this Defect fupplied by the Number 
of their Eyes, which in fome are four, in” 
fome fix, and. in fome eight, by’ which they ° 
can fee every Way, and catch their Prey 
per faltum, without any Motion of their Head, 
which Motion would have fcarred away the | 
timorous Fly on which they Prey. 
Another Inftance of this Kind may be found 

in the immoveable Eyes of Flies, Wafps,: orc 
which being a common. Entertainment’ with 
the Microfcope; every body knows that their 
Cornea, is a curious Piece of Lattice-work, in 
which this is remarkable, that every Poramen 
or Pupil is of a lenticular Nature; fo that 
~we fee Objects thro’ them topfey turvey, as 
thro’ fo many convex Glafles. This lenticu- 
Jar Power of the Cornea fupplies, as I imagine, 
the Place of the Cryftalline, which feems to 
be wanting in thofe Creatures; and it is 
_ probable, that every Lens of the Copies hath a° 
diftint Branch of the optic Nerve miniftring 
to it, and rendering it as fo many diftinét Eyes, 
whereby thofe Creatures are enabled to fee 
very 
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very accurately every Way without any Inter- 
val of Time, or Trouble to move the Eye. 
towards Objects: So that, as moft Animals 
~ are binocular, and Spiders for the moft: Part 
| octonocular, fo Flies, dorc. are multocular; hav- 
ing in effect as many Eyes as there are Perforati- 
ons in their Coruea;_ by which Means, as other 
_ Creatures are obliged to turn their Eyes. to 
Objects, thefe have fome or other of their 
Eyes ready placed towards Objects nearly all 
round them. ‘Thus particularly it is in the 
Dragon-fly (Libella) the greateft Part,of whofe 
Head is poffeffed by its Eyes, which i 
excellent Ufe to that predacious Infect, for the 
_ ready feeing and darting at. {mall Flies all 
round it, on which it. preys. And thus 
provident Nature has, with great Induftry 
and Art, provided for the Immobility. of Bhs. 
| Head and Ta Ears 
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‘of the Motions of the Eye. 
. Sect. net | ‘HE Motions of the Eye are. 


either . external. or internal. 
I call. exter nah thefe Motions. performed. by 
its’ 
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its four fiteight and two oblique Mutties, / 


whereby the whole Globe of the Eye changes 


its Situation or Direction. And by its internal 
~ Motions, 1 underftand thofe Motions which. 
only happen to fome of its internal Parts, fuch ~ 


as the Cry/lalline and Iris, or to the whole Eye, 
when it changes its fpherical Fi igure, and 
- becomes oblong or flat. me 

The external Motions fall to be explained 
here; but the internal ones will fall more na- 
turally to be explained afterwards, in treating 
of the Vv 
feyeral Parts of the Eye. 

The fpherical Figure of our ‘Eyes, and 
their loofe Connection to the Edge of the 
Orbit by the Tunica Conjundiva, which 1s 


fanner of Vifion, and the Ufe of the {4 


- foft, flexible and yeilding, does excellently 


difpofe. them to be moved this or the other 


Way, according to the Situation of the Object 


~ we would view; and befides there is a great 
- deal of Fat placed all round the Globe, 
betwixt it and the. Orbit, which lubricates 
and foftens the Eye, and renders its Motions: 


_ ‘more eafy. 


§ 2. Now the exzer nal Motions of the Eye, 
are, as we before hinted, performed by means 
of hy Mufcles, wher ae four are ftreight, 
and two oblique. Gasrrer Farroptus 


(in his Ob/ervationes Anatomica) s among the 


—«fielt that has. given us a genuine Defcription 


" : of 
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the Mind the Idea’ of Sound. For, were 
this true, then to thele juft now named Ani- 


mals, all Objects would, become invifible, to 


which their Eyes are directly turned, becaufe 
the Choroider is wanting in that Place where 


— 


their Image falls; which being contrary to 
Experience, »it remains that Sahig other 
Caufe ‘be affioned for that Defect of - out 
Sight, than the Want of the Chor Ome. ~ But 
to) return. 


§ 7 Tho’ the AGtion of thefe tivo oblique 


Mautcles -feems pretty evident, yet there is 
fearce any Part of the human Body about 


which Anatomifts have differed more, than 
in affigning them their proper Offices.) The 
famous Mr. Cowrer is,among the fir I 
know who began to reafon juttly: about them. 
But it would take up too much Time to 


enumerate and confute the feveral Opinions 


of different Authors; and therefore I fhall 


content mytelf, after what has been already | 
faid of each Mufcle acting apart; to confider 


what happens, when both act at the fame 
Time. — 

Mr. Cowper, in his Myotomia reformata, 
has well obferved, That when any of the 
ftraight Mufcles act, they will rather draw 
the Eye inwards, within the Orbit, than 


urn it either fideways, or upwards, or down- 


W pares, were it not at the fame time drawn 
pwox. I. M outwards 
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outwards by fome equal Force. Now the 


above defcribed Situation of thefe oblique — 


Mufcles, excellently qualifies them for keep- 


ing the Globe from being retratted, when . 


any of its ftraight Mufcles act: For by their 
joint. Contraction they muft pull the Eye 
outward from the Bottom of the Orbit, and 


keep it fufpended as upon an Axis, for the | 
better receiving the Motions of the ftreight 


~Moufcles: And this is what we think the 


principal Ufe of its oblique Mufcles, when | 


acting together, feeing they combine both in 


this, while they are Antagonifts to one another — 


in their other Actions. 


§ 8. AQUAPENDENT (in his Treatife, de. 
Oculo, cap. xi.) obferves, That in the Pike, 
the oblique Mufcles decuffate one another in | 


form of a Crofs; and PeERRAULT (du Mouve- 
ment des Yeux) tells us, That they are both 
in the under Part of the Eye; and that be- 


caufe in fuch rapacious Animals, who frequent- 

ly dive in purfuit of their Prey, they have | 
occafion more than others to tur their © 
Eyes downwards. But this we chiefly take ~ 
notice of, becaufe it may afterwards be 


of fome Ufe for determining how the Eye 


changes its Conformation, and adapts itfelf ~ 
to the different Diftances of Objects, which — 
fome have afcribed to the Action of thofe: 


Mutfcles. . a 
| oe oe 
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-§ 9. Cowper (in his Myotomia reformata) 
quotes MuLiinere, for defcribing a feventh 
Mufcle, which he calls the fifth right Mufcle, 
whofe Office he confines to the Motion of 

the Trochlea. But, upon Examination, no 
fuch Mufcle is to be found in the human 
_ Eye; and it is poffible that MuLtLineTE 
might have been led into this Miftake, by that 
Part of the Orbicularis Palpebrarum, which 
adheres to the Trochlea, or rather by what 
he might have obferved in Dogs, who 
have a {mall Mutcle arifing , near ‘the Origin 
of the Odliquus major, and inferting - itlelf 
by a very flender Tendon into the Trochlea, 
’ to whofe «Motions it is fubfervient, as 
Dovienas obferves. (Myrer aphia seis ata, 
cap. Vis 
sen STO. ” Belides thefe. Mufcles sieady de- 
fcribed, Quadrupeds are provided with an- 
other, commonly called Su/penforius, from 
its affiened Ufe in fufpending the Eyes of 
fuch Animals, as go much with their Heads 
hanging down towards the Ground. This 
Mutfcle, among other Things, difcovers that: 
Vesattus has not been altogether free from a 
Fault, which he condemns very feverely in 
GALEN, to wit, the obtruding on us the 
Organs of Brutes, inftead of thofe of the 
human Body, which he pretends to , defcribe ; 
for he has both defcribed and painted it 
as 
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as belonging: to ‘Man, in whom bg is never 


es 

This Mutfcle nits for! thie Circuimfe. 
“fence of the Hole inthe Bottom of the Or 
bit thro’? which the optic Nerve pafles, and 
goes direétly along the optic Nerve, which 
it* embraces and faeebtinds * on all Hands, 


and is inferted into the back “Part of the 


Sclerotis, all round-the optic Nerve, betwixt 
it and thé Termination of the ftreight 


Mufcles.  Fifhes and Fowls commonly want 


this Mufcle, as well a8 Man; but Oxen, 
' Horfe, Sheep, Hogs, and, fo far as’ has been 
obferved, all Quadrupeds are provided there- 
with; tho” in all it is not of the  farie 
Structure, being fometimes compofed- of two, 
three or four diftina Mufcles, as AQUAPEN? 

DENT (dé Oculo, cap. xiv) obfervess 
§ rr) AQUAPENDENT) 'Wiziis® and 
Bricoes, with the oreateft Part of our modern 
Anatomifts, are of opinion, that the only 
_ Ufe of this Mufcle, is to draw the Eye in- 
wards, towards the Bottom of the Orbit, 
‘and to keep it fufpended, that whea the Eye 
hangs down, as often happens in Quadrupeds, 
who eather their Food'from thé Ground, it 
may not: fall too much out of the Orbit, or 
by its Weight ftretch and fatigue the optic 
Nerve, to: ‘which it is attached. Hence they 
call it Sui ere ius, as has been. before ob- 
ferved, 
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ferved, But this Aion may in paft’ be fup- 
_ plied by the ftreight Mufcles acting together } 
and, befides, a ‘Ligament would ‘iave ‘beet 
fufficient for’ fulpvendins the Eye; afd’there- 
fore it is’ probable’ that°this Mu(cle’ has fome 
other Ufe. Pa 
Dr. Tyson finding this Mutcle in the Por- 
pef, aswell-as in Quadrupéds; thinks its Ufe 
is not to ‘fufpend the Bulb of the Eye, but 
rather by its equal Contraction of the ‘Sclerotis, 
to which it is affixed; to tender the Ball of 
the Eye imore ‘of lefS fphérical, according to 
the different’ Diftances of Objects; concern 
ine which “you. may” confult - his ‘Anatomy 
of the Porpefi, (p.-39.) But it is not abfo- 
lutely certain that the Figure of the Eye 
can be’changed by the’ A@ion of this Mutcle, 
and that for Reafons ‘afterwards to be ‘men- 
tioned, when’ we come to confider its inter: 
nal Motions: and — befides, the » necéffary 
Change of our Eyes is well provided for by 
another Mechanifm, as will alfo 9 aa in its 
proper. Place. ‘aah : 
{ think therefore that the Ufe ‘of this 
Mafcle is not only to fufpend the Eye, and 
preferve' the optic | Nerve from béing too much 
{tretched, but pr ineipally to‘afit ‘the ftreight 
Mufcles “iti ‘moving’ the Eye, | according as 
its different Fibres ack; e.g. when its fiiperior 
Fibres att, they allift the! Artollens ii pulling 


the 
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the Eye up; ‘when its internal Fibres next 
the Nofe act, they affift the Adducens; and 


when both together, or thofe betwixt them: 


act, they pull the Eye obliquely upwards 
towards the Nofe, and confequently affift 
thé Artollens and Adducens in their joint Action 
of moving the Eye obliquely. Comparative 
Anatomy “makes this Opinion very probable; 
for, in feveral Animals, as we have before 
hinted, it is divided into feveral diftin& Mutcles, 
whereof AQUAPENDENT. has obferved fome- 
times three and fometimes four in the Eyes of 
Sheep; and Dovctas tells us, That in a 


Ss 


Dog it is divided fometimes into four, and — 


fometimes into five, which have as.many di- 


{tinct Infertions into the Scleroris. Mr. PEr- 
-RauxLt’s Obfervation on this Mufcle does 
likewife very much confirm this: Opinion. 
(See his -Treatife, du Mouvement des Yeux.) 
His words tranflated are, ** In effect we may 
“ fay, (peaking of this Mufcle) that it con- 
« tributes to the Action of the ftreight Mut 
« cles according as its Fibres ac differently, 
‘< there being feveral Creatures, fuch as the 
«* Bear, Pole-cat, (/Ours, la Fouine) and many 
sf others, where this Mufcle is feparated into 
‘¢ four, having as many different  Infertions, 
«« which being betwixt the Infertions of the 
four: ftreight Mufcles, may ferve for the 
& ORAARE Motions of the Eye, which in 

66 Man 


a 
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«© Man are chiefly performed by the Combi- 
< nation, or fucceffive Action of the four 
* ftreight Mufcles.” 
 § 12. Having examined what belongs to 
the Mechanifm of the external Motions of 
our Eyes, I fhall now beg leave to add 
fome Reflexions thereon, which, I flatter my- 
felf, will not be altogether unacceptable to fome 
Readers. And, 

I. When Nature hath denied the Head or 
Eyes any Motion, it is to be obferved, that fhe 
has with great Care and Induftry provided for 
this Defe&t. Dr. Power’s microfcopical 
Obfervations furnifh us with a beautiful Ex- 
ample of this: His Words are: (Od/ervat. 8.) 
«* The firft eminent Thing we found in the 
“« Houfe-fpiders were their Eyes, which in fome 
‘¢ were four, in fome fix, and in fome eight, 
*© according to the Proportion of their Bulk 
« and the Longity of their Legs. Thefe Eyes 
*< are placed all in the Fore-front of their 
«« Head, (which is round and without any > 
ss Neck) all diaphanous and tranfparent, like 
‘* a Locket of Diamonds, or a Set of round 

“« Cryftal-beads, rc. Neither wonder why 
«« Providence fhould be fo anomalous in this 
** Animal more than in any other we know 
© of, (Argus’s Head being fixed to Arachne’s 
« Shoulders: :) For, 1/7, Since they wanting 
Bukk: 2 Neck cannot moye their Head, it is re- 
: ‘© quifite 


wv 


ber of other little Segments of a Sphere; all 
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« guifite. that Defect fhould be fupplied by. the | 
«« Multiplicity of Eyes.  adly, Since they — 
«‘ were to live by catching fo nimble a Prey 
- asa Fly is, they ought to fee her every 
c Way, and to take her per faltum (as they 
« do) without any Motion ‘of their Head — 
* to difcover her; which Motion would have 
*« {carred away {fo timorous an Infec?? a 
it is therefore with good Reafon that Mur- © 
FET, {peaking of. this Lydian Spinftrefs, that 
proud Madam, whom, for her Rivalfhip, the — 
Fable makes Pallas transform into a Spider, 
fays of thofePhilofophers that held them blind, 
Sane cacutiuat illi fummo: meridie, qui videre 
ipfas non vident neque intelligunt : ‘Which he 
might have: faid with far better Reafon, if his — 
Eyes had been but affifted with one of. our 4 
common Microfcopes. | 9» q 
To this Purpofe alfo belongs the: furprifingly 
beautiful and.curious Mechanifm obfervable in 
the immoveable Eyes of Flies, Wafps, dts 4 
They nearly refemble two protuberant Hemi-  — 
{pheres, each confifting of.a prodigious Num= 


which Segments are “perforated by a Hole, © 
which may be called their Pypil, in which _ 
this is remarkable, that every Foramen cor Pu> — 
pil is of a lenticular Nature, fo-that'we fee 
Objects through them topfey-turvey, as thro” 
fo n many convex Glaffes ; yea, they MP inal 
| ma 


~ 
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{mall Telefcope, when there is a due focal Di- 
ftance between them and the Lens of a Mi- 
_ crofcope. LruENHOoExk’s Obfervations make 
it probable, that every Lens of the Cornea fupplies 
the place of the cry/talline Humour, which 
feems to be wanting in thofe Creatures, and 
that each has a diftin®t Branch of the optic 
Nerve anfwering to it, upon which the Ima+ 
ges are painted; fo that as moft Animals are 
binocular, and Spiders for the moft part octo- 
nocular, fo Flies, oc. are multocular, having, 
in effect, as many Eyes as there are Perfora- 
tions in the Cornea. By which Means, as 
other Creatures, but with two Eyes, are obliged, 
bythe Contraction of the Mufcles above .de- 
{cribed, to turn their Eyes to Objects, thefe 
have fome or other of their Pupils always ready 
placed towards Objects nearly all round them; 
whence they are fo far from being denied 
any Benefit of this noble and moft neceflary 
Senfe of Sight, that they have probably more 
of it than other Creatures, anfwerine to 
their Neceffities and’ Way of living: And thus 
provident Nature has with great Induftry and 
Art provided for the Immobility of the Head | 
and Eyes. ° 3 | are 
§ 13. II. As in Man and moft other Crea- 
tures the Eyes. are fituated in the Head, be- 
caufe, amongft other Reafons, it is the moft 
convenient Place for their Defence and Security, 
oe VOL, I, N being 
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being ara is hard Bones,’ wherem 
_ are formed two large ftrong Sinufes or Sockets, 
commonly called “Orbits, for the convenient — 
lodging of thefe tender Organs, and fecuring 
them againft. external Injuries; fo in thofe 
Creatures whofe Head, like their Eyes and | 
‘the reft. of their Body, is foft and without — 
Bones, Nattre hath provided for this neceffa- 
ry and tender Organ, a wonderful Kind of 
Guard, by endowing the Creature with a Fa- 
culty of withdrawing its Eyes into its Head, © 
and lodging them in the fame Safety with 
‘ts Body.. We have a very beautiful Ex- 
ample of this in Snails, whofe Eyes are 
lodged in their four Horns, like atramentous 
Spots, one at the End of each Horn, which — 
they can retract at Pleafure when in any Dan- — 
ger. I know the learned PerrauLr (in his 
Mechanique des Animaux) feems to doubt of 
Snails having Eyes. And Dr. Brown ranks 
this Conceit of the Eyes of Snails amongft the 
vulgar Errors of the Multitude; but a good 
Microfcope would foon have fhewn him his — 
own Error. Thofe that defire further Satis- — 
faction in this Particular, may confult Dr. — 
 PoweEr’s Obiervatons and sd de Cochleis 
et Limacibus. 


If it fhould be here afked, Ph cice itis that 7 


Fithes, whofe Eyes are not guarded and de- — 
fended by Eye-lids, fhould not alfo. have a % 
Power i 
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Power of retracting their Eyes for their. De- 
fence and Security? To this Il anfwer, ‘That if 
we reflect on the MHardneis of the Cornea, 
which, in all Animals that want Eye-lids, 
is commonly much harder than in Man, and 
therefore is not to be hurt by fuch Particles as 
their Eyes are commonly expofed to, we mutt. 
fee that fuch a Mechanifm would: have been 
ufelefs: And befides, in fome cruftaceous 
Animals, whofe Occafions and) Manner of 
living perhaps expofe: their Eyes to greater 
Dangers and Inconveniencies, their Eyes are 
well fecured by deep Sinufes, into which, as 
into a fafe Chamber; they can. retract their 
Eiyes upon the Approach of any Danger, as 
has been well obferved by Fapricius. ab 
AQUAPENDBENTE (in his ‘Treatife de Oculo, 

Cap. 14.) 

§ 14. Something of a: Mechanifin. Similar 
to this has alfo been thought to obtain in the 
Eyes of Moles, which are not blind, as ArI-" 
STOTLE, PLINY, SEVERINUS, doe: would 
perfuade us; but being provided with little. 
_ black Eyes, about the Bignefs of a {mall Pin- 
head, in which not 6nly the aqueous, vitreous . 
and cry/alline Humours, but alfo the Ligamen- 
tum ciliare, copped or conical Cornea, with 
the round Pupil and optic Nerve, have been 
nranifeftly difcerned, they muft neceffarily 


ferve to guide and fecure it, when it chances 
to. 
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to be above Ground. But becaufe this Ani- 


mal lives moft under Ground, which it digs 


and penetrates, it was neceflary their Eyes 
fhould be well guarded and defended againft 
the many Dangers and Inconveniencies to 


which their Manner of living expofes them; 


and this is the Reafon why their Eyes-are 


fo fmall, and that they are fitnated fo far in’ 


the Head, and covered fo {trongly with Hair, 
that they can be of no Service to them, un- 
lefs they be poffeffed of a Power of protru- 
ding and retracting them at Pleafure, more 


or lefs as they have more or lefs Occafion to : 


ufe or guard their Eyes, as has been obferved 


by Borricuiuvs, Epif?. Bartholin.. 96. 


cent. iv. Mr. DERHAM’s rae coveheology, 
book iv. chap. 2. &c. 


I know fome have doubted ei what 
we take to be Eyes in Moles are fuch or no, 


and others have exprefsly denied any Humours 
to be therein; yet fo accurate an Anatomift 
was GALEN fox his Time, that he tells us that 


- « ) R 
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Moles have Eyes, the cryftalline and vitreous 


Humours, encompafled with 'Tunics, agréeable 


to what has been fince more diftinétly feen by - 


the Help of Microfcopes, (See GALEN, de Oo" 
- Partium, lib. iv. cap. 6.) 


§ 15. The sird and loft Reflection we 


fhall make upon the Motien of our Eyes, is’ 


what regards a Pr oblem which has very much 
perlags 


— 
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perplexed both Phyficians and Philofopherss 
viz. What is the Caufe of the uniform 
Motion of both Eyes? | 
In fome Creatures, fuch as Fithes, Birds, 
and among Quadrupeds, the Hare, Chame- 
lion, dc. the Eyes are moved differently, the 
one towards one Object, and the, other 
towards another: But in Man, Sheep, Oxen, 
and Dogs, the Motions are fo uniform, that 
they never fail to~ turn both towards the 
fame Place. Hence, in Operations upon the 
Eye, that require it to be kept immoveable 
for fome Time, it is neceffary to tie up the 
found Eye with Comprefs and: Bandage, by 
which: Means the other 4 is eafier kept fixed and 
_ immoveable. 

§ 16. The final Caufe of this uniform Mo- 
tion of our Eyes is, , 
_. 4. That the Sight might be thence rendered. 
more ftrong and ‘perfect : for fince each Eye 
apart. impreffes the Mind with an Idea of the 
fame Objet, the Impreflion muft be more 
{trong and lively when both Eyes concur, than 
when only one; and confequently the Mind 
muft receive a more ftrong, lively and per- 
fe& Idea of the Object in View, as is a- 
greable to Experience : And that both may 
concur, it is neceflaty they move uniformly ; 
for tho’ the Retina or immediate Organ of 
Vifion be expanded upon the whole Bot- 

tom 
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tom of the Eye as far as the Ligamentum 
ciliare, yet nothing is diftintly and clearly 
feen but what the Eye is directed to. Thus,- 


in viewing any Word, fuch as MEDICINE, | 


if the Eye be diated to the firft Letter M, 
and keep itfelf fixed thereon for obferving it 
accurately, the other Letters will not then 


appear clear er diftinét, becaufe the feveral — : 


Pencils of Rays that come therefrom, fall 
too obliquely on the Cryftalline and other 


Humours of the Eye, to be accurately col- ] 


lected in fo many diftin& Points of the Re 
tina; and chiefly becaufe of a certain De- 
eree of Hardnefs, Callofity or Infenfibility, 
that obtains in-all Parts of the Retina, ex- 
cepting towards the Axis of the Eye, di- 
rectly oppofi te to -the Pupil. Hence: it is, 
that to view any Object, and thence to re- 
ceive the ftrongeft and moft lively Impref 
fjons, it is alw. rays neceflary we turn our 
Eyes directly towards it, that its Pi@ture 
may fall precifely upon this moft delicate 
and fenfible Part of the Organ, which is 
naturally in the Axis of the “Eye. But if” 
this moft fenfible. and delicate Part’ happens, | 
from a Fault in the firft Conformation, or. 
from any other Caufe, not to be in the op- 
tic Axis, but a little off at a Side; then 
to fee an Object clearly, the Eye mutt not | 
be directed. towards it, but a _ toa Side, 

that 


( 
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‘that its Picture may fall on this moft 
fenfible Part of the Organ: And _ this 
may be one Caufe of Squinting; which, 
as is eafy to fee, muft be altogether incure- 
able. 


Now, naught it is certain that ay a very 
fmall part of an Object can at once be clear- 
ly and diftinétly - feen, namely, that whofe 
Image on the Retina is in the Axis of the 
Eye; and that the other Parts of the Object, 
which have their Images painted at fome 
Diftance from this fame Avis, are but faintly 
and obfcurely perceived, yet we are feldom 
fenfible of this Defect; and, in viewing any 


large Body, we are ready to imagine that _ 


we fee at the fame time all its Parts equally 
diftinét and clear: But this is a vulgar Error, 
and we are led into it from the quick and — 
almoft: continual Motion. of the Eye, where- 
by it is fueceffively directed towards all the 


Parts of the Object in an Infant of Time; 


for it is certain, that the Ideas of Objects, 


~ which we receive by Sight, do not prefently 


perifh, but are of a lafting Nature, _as ap- 
pears from what happens when a Coal of 
Fire is nimbly moved about in the Circumfe- 
rence of a Circle, which makes the whole Cir- 
cumference appear like a Circle of Fire; be- 


 caufe the Idea of the Coal, excited in the 


: 


Mind by the Rays. of Light, are of a_laft- 


ing 
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ing Nature, and continue till the Coal of 
Fire in going round return to its former Places 
and: therefore, if our Eye takes no longer 
‘Time to direct itfelf fucceflively to all the 
{mall Parts of an Obje&, than what the 
Coal of Fire takes to go round, the Mind 
will diftinGtly perceive all thofe Parts, with- 
out being fenfible of any Defect or Infenfi- 
~ bility in any Part of the Retina, becaufe the 


Idea of one Part continues, till, by the Mo-- 


tion of the Eye, the Image of the other Parts 
' be fucceflively received upon the fame moft 
fenfible Part of the Retina: And this is the 
Reafon .why the Globe of the Eye moves 


fo quickly, and that its Mufcles have fucha _ 


Quantity of Nerves to perform | their Motions. 
But I go on. 

§ 17. 2. A econd Advantage we reap from 
the uniform Motion of our Eyes, which is yet 
more confiderable than the former, confifts 
in our being thereby enabled. to judge with 
more Certainty of the Diftance of Objects. 

There are iix Means which concur for our 
judging of the Diftance of Objects, of all 
which the moft univerfal and, frequently, 
the moft fure, is the Angele which the Rays 


of Light make at the Object in coming thence ~ 


to our Eyes: When this Angle is very great, 
we fee the Object, very near; and on the 
contrary, when it is very fmall, we fee it at 
| a 
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a great Diftance; and the Change which 
_ happens in the Situation of our Eyes, ac-. 
_ cording to the Change ‘of this Angle,’ is a 
Mean which our Mind makes wfe of for 
- judging of the Diftance and - Proximity of 
Objects. To be perfuaded of the Truth 
of this, fufpend by a’ Thread a Ring, fo as 
its Side may be towards you, and its Hole 
look right and left, and taking a fmall Rod, 
ctooked at the End, in your Hand, retire 
from the Ring two or three Paces, and ha- 
ving with one “Hand covered one of your Eyes, 
endeavour with the other to pafs the crook- 
ed End ‘of your Rod thro’ the Ring. This 
appears very eafy, and yet, upon Trial, 
perhaps once in a hundred times, you fall 
not fucceed, efpecially if you move the Rod 
a little quickly. This furprifing Difficulty, 
which is found in paffing the Rod arifes, 
becaufe when one Eye is fhut, the Angle 
which the Rays of Light make at the Object, 
in coming thence, to both Eyes, is not 
known ; for in any Triangle, to know the 
BignefS of an Angle, it is not fufficient to 
know the Length of the Bafe fubtending that 
Angle, and the Magnitude of the Angle 
which’ one of its Sides makes with that 
Bafe, as is known to Mathematicians; but 
it is alfo neceflary to know the other Angle 
‘which the other Side makes with the Bale: 
Paes. I. O But 
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But this can never be known but in opening, 
both Eyes, and directing them to the Objet; 
and therefore the Mind. can never make ufe 
of its natural Geometry, for judging of the 
Diftance.of the Ring, while one of the Byes 
is {hut. 
— § 18, From this we may fee-the Ufe of 
having two; Eyes placed at a certain Diftance 
from one another; for by Ufe we get a Habit 
of judging of the Diftance of . Objects by the 
Direction of the Axes, which. is. fenfible to 
us, becaufe it depends on the Motion of the © 
Eye that we feel. But other Creatures, that 
look differently with their Eyes, as Fithes, 
Fowls, the Hare, Chamelion, c. cannot 
judge of the Diftance of Objects from this 
Angle, and therefore muft be more liable 
to Miftakes than we are; yet Nature hath 
provided them with two’ Eyes, that their 
Sight might not be too much limited, but 
that they might fee Obje@s equally wellon — 
both Sides, and thereby be better enabled — 
to feck their Food, and avoid Dangers: — 
Whence it is, that. in. fome Animals they 
are feated fo as to fee behind them, as well 
as on each Side. We have a very remark- 
able Example of this in Hares and Conies, 
whofe Eyes are very protuberant, and placed 
fo much towards the Sides of their Head, 
that their two EYES, takeg! in nearly a whole 
Sphere ; 
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Sphere; ‘whereas in Dogs that purftie them) _ 
the Eyes are fet more foreward in the Head > 
to look that Way more than backward. : 
_ From this alfo we may fee, why we err 
fo frequently in the Judgments we form’ of 
the Magnitude of Objects feen only with one 
Eye: ry or, fince we judge not of -Extenfion. 
or Magnitude from the apparent. Magnitude 
alone, but alfo from the apparent Diftance,. ae 
follows, that Objects: -feen with’ one’ Eye, - 
muft appear fmaller or greater, as they are 
imagined nearer. or further off. Thus .a 
Planet viewed with a Telefcope, fometimes 
is judged’ near the Eye-glafs,’ and. therefore 
- appeats very {mall ; while ¢ to others it appears 
very oreat, becaufe imagined a. good Way 
beyond the Objective. The™ fame: Thing 
happens in viewing one’s felf in a great con- 
cave Mirror not too. far off; when ‘the one 
_ Eyevis fhut, the Face does’ not® appear ‘very 


big, becaufe it is imagined at no greater Dift 


tance than the Surface of the Mirror ; but to 
both Eyes it° appears a great deal bigger, 
becaufe it is then imagined ‘much’ further ‘off, 
as has been obferved by: Mont. Marrorre 
(Traite des ‘Coleus. ) 

It being therefore manifeft, That the 
Difpofition of our “Eyes, which “always ac- 
companies .the Angle formed of -the vifual _ 
: hale ‘that flow to both Pupils, and that cut — 

one 
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one another in that Point of the Object 
on which our Eyes are. fixed, is one of the 
beft and moft univerfal Means we shave 
fot judging of the Diftance of. Objeas ; 
it needs be no Surprife, that in very great 
Diftances, where the Diftance of our Eyes 
bears no fenfible Proportion to the Diftance — 
“ the Object, it fhould be impoffible for — 
,, by this, or any other ees to judge 
abe of the Diftance, becaufe the Change 
that happens here to this Angle is fo {mall, 
as to be altogether infenfible. | 

Every body mutt fee, that this Angle chem 
confiderably, when an Object. that is only a 
Foot from our Eyes is tranfported to four; but 
if from four it be tranfported to eight, the 
Change is by much lefS fenfible; | if from 
eight to twelve, it is yet lefS; if from a thoufand 
to an hundred . thoufand, itis fcarce any | 
more fenfible, nay not tho’ the Diftance be _ 
increafed from a thoufandto an infinite Space. 
Tt is for this Reafon that we are fo often 

- deceived in the Judgment we form of all 
great Diftances, and that we fee the Sun, 
Moon and Stars, as if they were involved 
in the Cleuds,. tho’ it is certain they are 
vaftly beyond them, And being deceived 
as to their Diftance, we muft alfo be de- 
ceived. with jefpect to their Magnitude. 
Thus the Moon feems greater than the 
greatclt 
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| greateft Star, tho’ every body knows thé . 
is. vaftly, lefs. Thus. the Sun and Moon 
appear not above.a Foot, or two in Diameter, | 
if we traft the Teftimony of our Eyes, as 
did Errcurus. and. Lucretius, who 
therefore imagined them no bigger than what 
they appeared. . Thus, alfo the Stn. and 
Moon. appear greater when near the. Hori- 
aon, than at a greater Height; becaufe, when 
nigh the Horizon, they are judged: at a 
ereater Diftance. | 
§ ro: Lhere is yet anbttier Advantage, full 
as confiderable as any of the former, that 
is thought to arife from the uniform Motion 
of ou Eyes, and that is, the fingle Ap- 
pearance of Objects feéen with both. Eyes. 
‘This indeed. at firft View does appear vety 
probable; for if, in. locking to any Object, 
you prefs one of your Eyes “afide with your 
Finger, and alter its Direction, every Thing 
will - be feen ‘double, whichis a common Ex-— 
periment. wherewith Children amufe them- 
felves, being delighted with the uncommon 
Appearance of Objeas. Ls 
The fame thing does alfo happen, when ei. 
ther of the Eyes. is, from a Spafm or Paraly- 
fis of any of its Mufeles, or from any other 
Cautfe, reftrained from» following the Motions 
of the other, Thus Wixris (in his Anima 
Brutorum, cap. 15.) tells us of a young 
Peageee sk Man, 
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Man, ve ill of the Palfy, who at laft came . 
to fee.all Things double, from a Spafm in 
the adducent Mulcle of his left Kye, whereby 
its Axis was turned inwards, fo that itcouldnot 
be directed to the fame Object with the other. | 
. Prarerus likewife (in the fir Book of 
his Obfervations, p.. 132.) gives us the Hi- 
ftory of a Boy, who, ‘after having received a 
Stroke.on his Head, became ‘paralytic. in 
one of -his Sides, and’-had his Mouth diftort- 
ed, to whom every thing he looked at ap- 
peared double: “And-tho’ he does not at- 
tempt. to account for’ this Depravation of 
Sight, yet it is eafy to fee that it could pro-. 
ceed from nothing but a Palfy. or Spafm of 
one of the Mufcles of one of -his: Eyes, by. 
which it was rendered incapable of following | 
the Motion of the other, | 
Lanetus alfo has avery remarkable Cafe 
- to this purpofe, which being a little uncom- 
mon, we muft not omit. He tells us (in the 
vth Epiftle of his firlt Book) That, in a 
Wound of the Eye, it happened, thro’ 
Neglect, to unite and. adhere to the under. 
Kye-lid; fo that, after the Cure, that Eye 
was tied down, and rendered incapable of 
following the Motions of the other: This 
occafioned every thing ‘to appear double, till 
the Eye, by its frequent Motions, had at laft 
bo the .Eye-lid, to which, it was 
adherent, 
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adherent, and tliereby recovered its “former 
Liberty of moving uniformly with the other. 


_ Multitades of Cafes of this Kind might be -— 


; advanced ; but I like not, without Neceflity, 


to multiply Examples of the fame Nature: 


 'Thefe are fufficient to prove, that when our 


Eyes are reftrained from moving uniformly, 
all Objects, are feen double... Neither is it 


to be doubted, but, when the fame Phe- 
nomenon occurs in drunk or maniac. Per- 
fons, it proceeds from the fame Caufe; the 
uniform Motion of our Eyes requiring an 
eafy and regular Motion of the Spirits, 
which frequently is wanting in fuch Cafes. 

The fame Thing does alfo happen fome- 


times, foon before Death, when the Spirits 


have been worn out and exhaufted by long 
Sicknefs. We have a remarkable Example 
of this in the Ada Hofnienfia, publithed by 
BARTHOLIN. OLaus Borricuivs there 


_ tells us, (Vol. 2..p. 198.) of a Woman. that 


, 
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had been long ill of a Difeafe in her Breaft 
and Spleen, to whom, two Days before her 
Death, all Things appeared double. He in- 
deed attributes this Phenomenon to a Change 
in the Figure of the Humours of the Eye, 
and thinks that they had acquired the. Form 
of a Polygon, or multiplying Glafs; which 
is a very ftrange out of the way Notion, 
and altogether improbable. The true Caufe 

‘; | thereof 
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thereof feems to have arifen from the lan= 
guid irregular Motion of the animal Spirits, — 
difqualifying them from executing the Com- — 
mands of the Will, and directing both ee 
to the fame Object. 

-. § 20. For thefe, and fuch like Reateas) ae 
is, that very many, both Phyficians and Phi- 
lofophers, have been brought to believe, that, 
to fee Objects fingle, it is vabfolutely neceilary 
that both Eyes be directed to the fame Object, 
and that this is one of the final Caufes of their 
uniform Motion; and yet, when the Matter 
fhall be duly examined, I am confident, little 
Foundation will be found for any fuch Con= 
fequence. But I muft delay entering upon this 
Subject here, becaufe it will fall more naturally 
to be explained afterwards, when I come to | 
treat of the Phenomena of Vifion. 

§. 21. Having finithed what I intended to 
fay concerning the final Caufes of the uniform 
Motion of our Eyes, I come now to: inquire 
into the efficient Caufe of this Uniformity, or 
by what Neceffity it happens that both Eyes 
are always turned the fame Way, fo that none 
of us are able at pleafure to give them” differ 
ent Direétions. 

ARISTOTLE, of old, mates him Gis 
AVIcENNA, and moft of the Antients, do at- . 
tribute this to the Union of the: “Optic 
Nerves, near the Se/Ja offs Sphenoidis ; ae a 

| pie nce 
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fince thefe Netves give no Branches to the 
Mufcles, but are wholly beftowed upon the 
* Retine, it follows, that they can contribute 
- nothing towards the Motion of our Eyes, but 
are only for conveying to the Mind, or vifive 
Faculty, the Inipreflions made upon their 
Fund by the Rays of Light: Hence it is; that 
in Blindnefs from Obftructions in thofe Nerves, 
the Kyes continue to move as fornierly ; be- 
caufe their Motion does not depend upon 
the optic Nerves, but tpon their other 
Nerves and Mufcles. But, fuppofing, that 
the optic Nerves did contribute to the 
Motion of our Eyes, yet their Conjunction 
could never occafion this: uniform Motion ; 
becaufe, as D1EMERBROEK Obferves, (See 
his Anatom. lib. iii. cap. 16.) Anatomifts 
have found them disjoined in fome Subjects, 
who, while alive, moved their Eyes uniformly 
as other Men. 

§ 22. It is therefore with good Reafon 
‘that our Moderns have rejected this Hypothefis 
as falfeand groundlefs; buit neither have they 
themfelves fucceeded better, when they tell us, 
That this happens becaufe the Nerves be 
{towed upon the Mufcles of our Eyes, called 
Oculorum Motorii, are united at their Origin in 
the Brain. Every body knows that our Fingers 
are at liberty to execute different Motions, 
and to be extended se hear ae tho’ not only 
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the Nerve, but alfo the Mufcle fubfervient to 
their Extenfion is but one: Whence therefore 
this Liberty fhould bedenied our Eyes, whofe 
Mufcles are diftinét, I fee not... But this is 
not all; for there are many Parts of the Body, 
which,’ tho’ they: have -Nerves © of different 
_ Origins, yet they neceffarily move. together. 
- Thus the Eyes cannot be turned up nor down, 
but the Eye-lids follow their Motion, and. 
keep at the fame Diftance from the Pupil, 
tho’ at the fame time the Eye-lids can be mo- 
ved without any Motion in our Eyes. Did 
this uniform Motion depend upon any U- 
nion or Conjunction of the Oculorum Motorii, 
or of any of our other ‘Nerves; none: would 
{quint, but’ fuch ashad them disjoined; and 
it would be in vain to ufe any. Precaution 
again{t Children’s taking up fuch a Habit, or 
to endeavour to correct it. | 
§ 23. The true Caufe of this ‘Uniformity 
in the Motions of our Eyes to. me feems 
wholly to depend on. Cuftom and :Habit: 
For it is not to be doubted but thefe Mo-- 
- tions are voluntary, and depending upon our 
‘Mind, which, being a wife Agent, wills them 
to move uniformly, not from. any intrinfical 
Neceffity in the Thing itfelf, or for want of 
, Power to move them differently ; ; but becaufe 
fuch Motions. are moft profitable and ufeful 
tous.' So that. our Opinion -is,»-that the 
uniform Motion of our Eyes is not at firft 
| neceflary, 
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meceflary, but that the Mind has impofed 
upon itfelf that Law, founded upon the. U-— 
tility and Advantage that arifes from this 
Sort of Motion ; which Motion does in ‘Time 
become fo neceflary, that none of: us are now 
able to move one Eye towards any Object, 


but the other is likewife turned the fame 


‘Way. And as for other Creatures who move 
their Eyes differently, fuch as the Chameleon, 
which has this Faculty in an eminent Manner, 
fo that the one Eye is moved, whilft the 
other remains immoveable; the one is turn- 
ed ‘forwards, at the fame time the other 
looks behind; and the one,looks up to’ the 
Sky, when the other is fixed on the Ground, 
I fay, as. for other Creatures that move’ 
their Eyes difierently, fuch as the Hare, 
Chameleon, °c. it is evident, fince the Or- 
gans fubfervient to thofe Motions are the 
fame as in Man, that it»is«the Utility and 
Advantage they receive from thefe particular, 
Motions, which determines that «Principle, 
which governs and rules all their Motions, 
to actuate the Organs in fuch a Manner as 
 thofe Motions, which they find moft profit-. 
able and. neceflary for them, may “follow. 
Dr. Goppart (inthe Philofophical Tranf- 
actions) has obferved, that the Eyes of the 
Chameleon refemble a Lens or convex Glafs, 
fet in a verfatile globular Socket, of which 
our 
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our Parifian Academifts have taken no Now 
tice. But, be this as it will, they found that 


_ they were ‘moved by true Mufcles, which, as 
‘in other Creatures, are inferted under the 


Conjunttiva; fo that it feems Panaroxus 


was miftaken, when, as BaRTHOLIN ine 


forms us, (Hif?. Aut. Rar. Cent. 2. Hiff, 
62.) he fays, that their Eyes want Mufcles, 


and that they are moved by the Corrugation | 


of a Membrane, which is contracted by means 


ef circular Fibres. What might have led 
him into this Miftake, may be euefled at. 


from the Obfervations of the- fame Acade- 
mifts, who tell us, that the Eyes, which are 
very large, jut out full Half of their Ball, 


and are covered with one fingle Eyelid, | 


made like a Cap pierced through the Mid- 
dle, with a Hole not exceeding one Line in 


Breadth. This Eye-lid was found faftened 


to the Fore-part of the Eye, by means of 
an orbicular Mufcle that was fpread over 
the whole Tunica conjunctiva, to which, as 
well as to the Eye-lid, it was fo’ adherent, 
that it ferved to give the fame Motion to 


the Lid as to the Eye, tho’ its particular 


A«tion was to contract the little round Hole 
of the Lid, which clofes by enlarging itfelf 
crofs-ways, even to the making one “fingle 
Suit, which very exactly unites the upper 
Part with the lower. Secing then that the 
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Eye cannot be moved, without communi- 
_ eating the fame Motion to the Eye-lid, which 
-muft therefore appear corrugated, it is pro- 
_. bable, that Panaro.Lus, for want of due 
Scrutiny after the Mufcles, might have imagi- 
_ ned that the Motions of the Eye proceeded 
_ from the Corrugation of this Membrane, 
which is indeed contracted by means of the 
circular Fibres of the orbicular Mufcle. But, 
fuppofing Panaroxus’s Obfervation to 
have been juft, it is all one with _ refpect 
to the prefent Cafe; for the diffimilar Mo- 
tion of the Eyes arifing from the diffimi- 
lar Contraction of thofe circular Fibres, can 
_ have no Foundation, but in the Utility and 
’ Advantage that arifes from fuch Motions, 
which might as well have been executed by 
Mufcles. Nor can any good Reafon be 
 affigned, why the Mind, which prefides over 
all the animal (if not alfs the vital and na- 
' tural) Motions, fhould not be at Liberty to 
contract this or that Mufcle independently of 
others, as well as to contract this or ‘that 
Fibre independently of others, efpecially when 
we find it frequently does fo in other Crea- 
tures, fuch as Fifhes, Birds: And, amongtt 
Quadrupeds, the Hare, Coney, dc. 

And as the Hare, Coney, Chameleon, oc. 
havea Power of moving their Eyes differ ently, 
fo neither is their any Room to doubt, but: 

| that — 
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that at firft we ourfelves are alfo poffeffed of 
the like Power; as is evident from an Ob- 
fervation made en Children, who, we | fee, 
for fome Time after: Birth, can? look. dif- 
ferent Ways with their Eyes; which Power — 
they retain, till, by -difcovering: the Advan- — 
tage of ditecting them the fame Way, they — 
come to move them always uniformly. . This 
uniform Motion, by Ufe and Habit, at: laft 
~ becomes fo neceflary, that the Eyes cannot 
be moved differently; long Cuftom rendering 
many Adtions neceflary, which were not fo 
effentially, nor from the Beginning. : 


I have already given’ an Example of this 


in the Motions of the upper Eye-lid, which 


always follows the Motions. of the Eye, and 


keeps: at the fame Diftance from the Pupil, 
whether the Eye be turned: up or down. ~ 
The fame Thing may alfo happen the Fin- — 
gers; for, if one isnot: accuftomed to move | 
any of them but» in Conjunction with the. 


-reft, it will not be in his Power to’ move 


them feparately. Hence it is that moft People 
cannot bend their Ring-finger towards the 
Palm of their Hand, but the little one fhall . 
follow its Motion. Tf any Body defires more — 
‘Examples of this kind, let him try to elevate: 
gone of his Eye-brows, while the other. is 
deprefled ; let him try to dilate one of his 
Noftrls, or one Side of his Thorax, while 

the 
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the other’. is contraéted;: or, if hes can, let 
him contract thé Mufcles:on one’ Side of his 

’ Belly, while thofe on: the other Side continue 
- relaxed.> Ivremember a Time when it was 
very difficult: for me to fhut any one of my . 
_ Byes, while the: other was: open, which now 
- is..very eafy for me, becaufe I have .accu- 
' ftomed myfelf thereto ; .and this frequently 
happens, even in the Eyes themfelves: For, 
if we accuftom ourfelves to direct them differ- 
ent Ways, as Boys do often in imitating 
thofe that fquint, we fhall in time be abie 
to fquint without Difficulty, efpecially if 
oung. ‘This is further confirmed from the 
diffimilar Motions of the Eyes that are fo 
frequently . obferved ‘in » blind . People, and 
particularly by that Hiftory, taken notice of 
by Prempius, of a Girl, who lofing her 
Sight, and. having therefore no longer any 

- Advantage. from the uniform Motions of her 
_ Eyes, came at laft: to, move them differently. 
Hence it, is, that Children, the younger they 
_ are, are the more apt to’ become gogle-ey’d; 
_ -becaufe, when young,, they have not,4o much 
-accuftomed themfelves to look the fame Way 
with ) both -Eyes, as to render that uniform 
Motion neceflary; and therefore do frequently 

_ become gogle-ey’d, by. having; many. pleafant 
_ Objects prefented to them at the. fame, time, 
_ which, invites them to turn’ one Eye‘to one 
“ite . Object, 
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Object, and the other Eye to another: And 
thus they contract a Habit of moving their 
yes differently, which is apt to continue 
all their Lifetime, if not timely corrected. — 
Wiuuts has obferved this (in his Anima — 
Brutorum, cap. 15.) in thefe Words. Quare 
infantes, quando ipforum oculis multe res fimul 
objiciuntur, fait num facile contrahunt. 
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Such. I. a peer we may the better un 

derftand the curious Fabric — 
and beatitifal Mechanifin of this noble Organ, — 
I fhall firft give a general Idea of its Sructure, _ 
and then fhall confider more particularly each 
Part by itfelf; and at the fame time ‘hall 
make fome Remarks upon its different Make 
in different Animals. 

§ 2. Ihave already obferved, that the Globe — 
or Body of the Eye is compofed of Mem- 
branes or Tunicles, Humours and Veffels. 

The proper Tunicles and Coats of the Eye — 
are nothing but fo many Productions or Ex- — 

| panfions 
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panfions of the different Subftances of the op* 
tic Nerve. The optic Nerves; like all the 
other: Nerves of ‘the Body; have three 
- diftin& Subftances, whereof the two firft are 
membranous Coats or Coverings, the one 
coming from the Dura, and the other from 
the Pia’ Mater; and the third Subftance is a 
Continuation of the Medulla Cerebri itfelf. 
Thefe three different Subftances, at the Bot- 
tom of the Eye, where thofe Nerves enter the ~ 
Globe, are expanded out into a fpherical Fi- 
gure, and form its ‘Tunicles; which therefore 
are alfo three in number. | 

§ 3. The firft arifes from the external Coat 
shih the optic Nerve has from the Dura 
Mater, and expands itfelf into almoft an exact 
Sphere or Globe: It covers the whole. Bulb 
of the Eye externally, and therefore is the 
largeft of all its Coats; it is thick, opaque, and 
hard like Leather behind, and all round, till 
- ip comes to where the White of the Eye ter> 
minates, and is therefore called Tunica Dura 
Jeu Sclerotica; bat its Fore-part beginning 
where the White of the Eye terminates, is 
thinner and perfectly tranfparent, and- is 
called Tunica Cornea, becaufe it tranfmits the 
Rays of Light like the Horn of a Lantern. 

Tho’ this tranfparent Part of the outward 
‘Tunicle of the Eye has a diftin® Name from 
its peace Part, the firft being: called: Cornea, 
PPNou. I. Q and 
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and-the fecond Sc/erotica, yet I {cruple not to 
confider them as one: and the fame Tunicle, 
expanded from the external Coat of the optic 
Nerve’ about the whole Globe. Nor do the 
Arguments that have been brought by fome 


learned Anatomifts to prove them. diftind, 
appear fufficient to demonftrate that they are 


really fo; as {hall be noticed afterwards. 
The! tranfparent Part, called Cornea, which 
is what we fee furrounded by the White of the 


Eye, is always more protuberant and convex. 
than the reft of the Eye, and therefore is’ 
elevated above the fpherical Surface of its’ 


opaque Part called S/cerotica. But in .differ- 
ent Animals this Protuberancy is not always 


the fame. In Man, and the greateft. Part of 
Quadrupeds, the Cornea, according to Mar TRE- 


JEAN, ds a Part of a Sphere whofe Diameter is 
an eighth Part léefs than that of the Sclerotica; 


but. Birds have their Corvea) much more lak : 


vated, it being, according to the fame Au- 
thor, a Part of a Sphere whofe Diameter is 
only about the Half of the Diameter of their 


Sclerotica. I find indeed that Mairre-JEAN 


is greatly miftaken with regard to this Account 
he gives of the Convexity of the human Cornea, 
as fhall be fhown below from Dr. Perir’s 
more accurate Obfervations.. Yet this does not 
make the Cornea in all Animals of a fimilar 


Convexity; all Authors being agreed that 
Birds 


on EE ae aE one —* 


RG? 


{ af 


im 


Chap. VI. the Eye in general, i 923 


Birds have this Coat much more elevated -and . 
convex than either Man or Quadrupeds. » Ac- 
cording as our Cornea is more or lefs.protube- 
rant and convex; that is, according as it isa 
Part ofa lefler or greater Sphere, Objects ap- 
pear greater or lefs,; and more:remote or near- 
» Yer3 “for: the Convexity: of the Cornea has a 
 fimilar Effect to that of a convex Lens, thro’ 

which, -if an Object be viewed at a lefs Di- 
{tance than the Focus, it appears bigger and 
more remote than it does to the naked Bye; 
{till the bigger and more remote, the more 
convex the Lens is.thro’ which it is feen:’ And 
as Objects are not feen diftin@ly, but when 
their Diftance is fuited to the Convexity of the 
Eye, this Difference in the: Convexity of the 
Cornea will alfo occafion the Sight to be fhort- 
er or longer, according as it is more or lef, 
Convex. | 
. The fecond Coat of the Eye arifes 

from the fecond Tunicle:of the optic Nerve, 
and is alfo expanded out into a {pherical 
Form, till it: reaches the Cornea. It les im- 
mediately within the: Sc/erotica, and lines its 
internal concave Surface, to which it adheres ; 
but, at the Edge of the Cornea, where the Cornea 
joins the Sclerorica, this ‘Tunicle feparates itfelf 
from this Membrane, and goes directly inwards 
towards the Axis of the Eye, ‘That Part of it 


which lines the Scé erotica, is called Choroides 5 
but 
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but its Fore-part, ecstlunelit from the Edge ee 
the Cornea to the Axis of the Eye, is called — 
Uvea; in the Middle of which is a round Hole © 
called the Pupilla or Sight. This Coat is all 
over opaque, as well in its Fore-part called 
Uvea, as in its Back-part called Choroides; 
by which means the inward Eye is darkened, 
and no Rays can enter it but what pafs by the 
Pupil. As the Uvea is a plain Membrane 
cutting the Eye tranfverfely in that Circle 
where the Sclerotica joins the Cornea, there mutt 
be a Space left betwixt the Cornea and this 
Membrane lying behind it, This Space is 
filled with the aqueous Humour, a Part of 
which alfo lies behind the Uvea, and fills all 


the Space betwixt it and the cryftalline Hue q 


mour, 
- The Outfide of the Uvez, where the dif, 
ferent Colours appear, is called the Iris, from 
its Refemblance to the Rain-bow, both being 
compofed of different Ranges of Colours: 
From thefe Colours the Eye is frequently 
named, and is called Blue, Gray, Black, dc. 
according to the Colour that is moft predo- q 
-minant in the Iris. a 
— § 5. The third and laft Membrane of the | 
Eye is called Retina, becaufe, like a’ Net, it 
covereth the Bottom of the Cavity of ‘the | 
Eye. — dt is nothing but a fine Expanfion — 
of the medullary Part of the optic Nerve. 


Its 


Yates, 
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_ Its convex or outward Side lines the Membrana 
_ Chorvides, and its concave Side covers the Sur- 
face of the vitreous Humour. | 
~. This Tunicle ends where the Chor tiidos, in 
going inward towards the Axis of ‘the Eye, 
forms the Uvea, It is upon it that the Im- 
- preffions of Objects are made, and therefore it 
F iis juftly reckoned the immediate Organ of 
Sight; tho’ the learned MartoTre is of 
another Opinion, and contends, that it -is the 
Tunica Choroides which receives thefe Impref 
fions. His Arguments {hall be noticed afters 
wards in their proper Place. : | 
§ 6. The Humours of the Eye fall next to 
be confidered; they are three in number, the 
Aqueous, the Cr yflalline, and the Vitreous. All 
of them are tranfparent, that none of the 
Light may be intercepted, but that all of it 
may be tranfmitted for painting the Images of 
— Objects upon the Retina with fufficient Strength 
and BrightnefS. They are alfo all clear like 
Water, “that the Images of Objects may be 
feen in their own proper Colours; for, were 
_ they tinged with any Colour, the Objetts would 
alfo appear tinged with that Colour: For tho’ 
Objeds are feen very diftinély when this 
Tincture does not render the Humours opaque, 
yet they muft appear in. the fame Manner as 
to an Eye that is perfettly found, when it looks 
at them thro’ a Glafg tinged with the like 
Colour. 


ef 
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Colour. , Thus in Jaundices the Eye is fre- : 


quently fo much tinged with the yellowColour 


of the obftructed Bile, that all Objects appear 
tinged with the fame yellow Colour. 

§ 7. But it-is to be obferved, that we are 
never fenfible of this Change of Colour, unlefs 
. the Tincture be confiderable, and that it hap- 
pen on a fudden. It muft be confiderable, 
that the Difference of Colour may be fenfible 
to us; and it muft happen on a fudden, that 
. our Memory may retain the Remembrance of 
the Colours wherewith Objects appeared: co- 
Joured, in order to make a Comparifon, when, 
after that, we aan look on the ne Ob- 
jects. | 
There is nothing to which our Eves do 
more {peedily accuftom themfelves, than to 
the Change of Colours. It is eafy for every 
body to experience this, by looking thro’ a 
Glafs tinged with Green, or any other Colour, 
and at the fame time hiding the Objects which 
might be feen without the Interpofition of the 


Glais; for, in a very little Time, it cannot be — 
, perceived that the Objects are tinged with the 


Colour of the Glafs; and we will be yet Iefs 
- fenfible of the tinging of Objects, if our Eyes 
are kept a confiderable time fhut before the 
Experiment is made. 

- Hence it follows, that none of us can be 
abfolutely certain, that any Object does now ~ 
appear ~ 


| 
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appear to us of the fame precife Colour: of 
which it appeared a Month or acYear ago. — 
And this is {till the more evident, if: we 
_ confider that Objects appear. of different Co- 
lours according as they are illuminated. with 
different Lights; of which neverthelefs we are 
commonly altogether infenfible. 

Thus the oreatelt Part of Objects,‘in: Candle- 
light, are always tinged with a yellow Red; tho’ 
we are not fenfible. thereof ; becaufe. all the - 
Objects in view are changed in the fame Pro- 
portion. » But if, in the: Day-time,, you. place 
Candles in-a darkened ; Chamber, that every 
thing therein may be well illuminated, and then 
retire to another Place illuminated with the 
Sun’s) Light, the Objects illuminated. with 
Candle-li cht, when viewed thro’ the Door of 
the Room,) will appear tinged with a_ yellow 
Red, ‘when compared with thofe that are feen 
at the. fame time illuftrated with Day-light. 
But. this cannot be obferved, when one is in 
the Chamber in which the Candles are placed ; 
and therefore: it is no Wonder weare not 
fenfible of the Changes which may happen in 
our Senfation of Colours, either from the 
various Difpofitions of our Retine and optic 
Nerves, or from the Tincture with which the 
Humours of our Eyes may be infenfibly tinged. 

§ 8. And, if we are not fenfible of the 
@hange. of Colours, we can never be certain 

that 


tot Ofte Seine Boat 


that: the Colours of Objects are not changed; 
that is, we can neverbe certain that an Object ~ 
does now’ appear to us of the fame precife Co- 
lour of which it appeared laft Day, or laft 
‘Week Neither can our being infenfible of 
_ any Change ever prove to us that the Colour is 
the fame. So that it is evident, not only that — 
different"Perfons may have different Senfations 4 
of Colours, proceeding from the different Dif 
pofitions of their optic Nerves and Retine, or 
from the different ‘Tinctures wherewith their 
Eyes are tinged, but alfo that the fame Perfon 
may, from the fame 'Caufes, fee the fame 
Object differently coloured, at different times, 
without being fenfible of it. 

§ 9. But this is’ not all; for Experiments a 
are not wanting, whereby it appears, that the 
fame Object is feen ‘of “different Colours, ac- 
cording as it is viewed with the right or left Eye. 

When thefe Colours are very ‘different, it is 
eafy to perceive the Difference, by fhutting the 
Eyes alternately. Thus, after ‘one has for 
fome time viewed. a very luminous Body thro’ 
a Telefcope, it is eafy'to obferve that Objects 
appear a great deal darker to that Eye than to 
the other that was kept fhut. It is ealy to 
make this Experiment in the Twilight, by 
looking alternately with both Eyes to’a° white 
Wall or Sheet of white Paper after one has 
viewed the Moon with a Telefcope. The 

Reafon 


o 
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Reafon of this Phexomenon can be nothing but 


the Contraction of the Pupil occafioned by 
the great Light; for the Brightnefs of the 


— Object makes it {hut up as much as poffible: 


But the Pupil of the fhut Eye will be much 
larger, becaufe it contracts only by Sympathy, 
and therefore it muft allow a greater Number 
of Rays to enter, which will make the Object 
appear whiter to this Eye than to the other: 
And befides this, we might alfo add, that the 
Retina of that Eye to which the Telefcope . 
was applied, having been ftrongly agitated by 
the great Light, cannot prefently be fufficidatiy 
agitated by that of an Object moderately il- 
luminated; and this may be another Reafon 
why the Object appears more white and lus 
minous to the Eye that was fhut, than to the 
other that viewed the Moon thro’ the Tele- 
{cope. But it is carefully to be obferved, that, 
if the white Wall or Paper that one looks at, 
after viewing the luminous Body with the 
Telefcope, be ftronely illuminated, as with 
Day-light, the Experiment will not fucceed; 
for the great Light of the Object will touch the 


_ Retine of both Eyes fo fenfibly, that we can» 


_ viewed with different Eyes, is eafily difcevered, 
R 


not diftinguifh any Difference in the Imprefli- 
ons, of in the Senfations arifine therefrom. 
Thus we fee, that the Difference of Coloitrs 
which appears in Objects, according as t!-ey are 


Vor. I. by 
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by fhutting the Eyes alternately, when this 
Difference is confiderable. | 

But it is more difficult to know if the 
fame Object is feen of different Colours with 
both Eyes, when their’ Difference is {mall : 
Yet the learned Monf. De /a Hire has given 
us a Method whereby the leaft Ditierence 
“may be cafily known. His Method is as 
follows. 

Take two Cards, and in each of them frfodki 
a {mall round Hole with a Pin, whofe Dia- 
meter does not exceed the third or fourth 
Part of a Line; then apply them to your 
Fes, and thro’ the Holes look at a Sheet 
of white Paper that is all over equally illu- 
minated: Each Eye fhall fee a Circle of 
Paper thro” the Holes, and thofe Circles will — 
coincide and appear one, if the Rays that 
come from the fame Point of the Objet, — 
after pafling the Holes of the Cards, are, by | 
the Humours of the Eyes, fo reGattedy as to 
meet inthe Bottom of both Eyes in analo- 
gous Points. But, if the Pofitionof theCards 
be changed, you thall fee two diftin® Circles of 
_ Paper feparated from each other; and theré- 
fore, by feparating the Cards, or bringing them 
‘nearer together, it is eafy to make the two 
‘Circles of Paper which: are feen thro’ the 
Holes touch on another; and confequently it 
will be eafy to make a Comparifon, be- 
\ twixt 
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twixt their Colours. If both Eyes are per- 
fectly fimilar, the Colours of thefe Circles 
will alfo appear fimilar; but if the Humours 
of the Eyes are unequally tinged, or if the 
Retine ave not of the fame: Difpofition, and 
equally fenfible of the Impreflion of Objects, 
thefe Circles will ever appear of different 
Colours. | | 

§ ro. By this Experiment, De /a Hire has 
obferved, that thofe who fee Objects more 
ruddy with one Eye than the other, -efteem 
that Eye the beft for ordinary Ufe; and 
therefore it is probable, that that Rednefs is 
owing to the Delicacy and greater Mobility 
of the Retina of that Eye, which being more 
{trongly agitated by the Rays of Light than 
the other, makes the fame Object appear to. 
it more ruddy ; for, according to Sir Isaac 
NEwTon’s Theory, the leat refi angible Rays 
do excite the largett and {trongeft Vibrations in 
the nervous Coat of the Eye, for making a 
Senfation of a deep Red; the moft refrancible, 
the fhorteft and Weakety for making a Senfa- 
tion of adeep Violet; and the hverat interme- 
diate Sorts of Rays excite Vibrations of feveral 
intermediate Bienefles and Streneth, to make: 
Senfations of the feveral intermediate fimple 
Colours; and therefore it is reafonable to fup- 
pofe, that the Retina of that Eye to,which 
Objects appear more ruddy than to the other, 


is 
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is more delicate ae moveable; from which 
Mobility the Vibrations will be ftronger for 
caufing that ruddy Appearance, and the Eye 


itfelf will be more fenfible, and will there. . 


fore - efteemed the beft. But to return, 
§ rz. Thefe three Humours are different 


in Biilkiboner: as well as in Quantity. The — 


moft fluid is called the Ayueous, becaufe it 


‘approaches the Nature of Water, as. well in 


Confiftency as in ‘Tranfparency. 
This Humour lies partly before and partly 
behind the Uvea, and fills all that Space which 


is betwixt the Cornea and cryftalline Humour. 
With regard to its Quantity, the greateft 


Part of Authors have been greatly miftaken. 
The great Vesattus, by placing the Cryftal- 
line in the Middle of the Eye, increafes the 
Quantity of this Humour greatly above what 
it really is. DIEMERBROEK tells us, it is 


equal to the third or fourth Part of the Vi-- 


treous; whereas he makes the Cryftalline only 
the fifth or fixth Part of the Vitreous, by 
which the Quantities of the aqueous, the 
eryftalline and vitreous Humours, will be to 
one ane at a Medium, in the Proportions 
of 54, 34,.and 194; which, in Integers, 
Is 22, 14, ind 77. The famous BARTHOLIN 


fays, that the aqueous Humour is equal to 


one half, and the Cryftalline to one fifth of 
the vitreous Humour, by which theiy Quan- 
tities 


( 
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tities will be as the Numbers 24, 1, and 87 Dr 
Briccs makes them to one another, as the 
Numbers 1, 2, and 24. But the learned Dr. 
Perit, of the Royal Academy of Sciences, 
who, on occafion of the Difpute concerning 
the Nature of Cataracts, made the Eyes his 
particular Study, and whofe Experiments and 
Obfervations were made with fo much Care 
and Exaétnefs, and fo often repeated, that 
they may be depended on more than any 
thing that is to be found in moft other Au» 
thors; this Author informs us, in the Mem. de 
P Academ. An. 1728, that, in a Man of 50 
Years of Age, the aqueous and crytftalline 
Humours were each four Grains, and the vi- 
treous a hundred and four Grains; fo that 
the aqueous, cryftalline and vitreous. Humours 
were to one another in this Eye, as the Num- 
bers 1, 1, and 26. Inthe Eye ofa 
of 22 Years, the Aqueous and Cryftalline 
were alfo four Grains each, but the Vitreous 
was only 95 Grains; fo that their Weights, 
in this Man’s Eye, were to on another, nearly 
in the Proportion of 1, 1, and 24. And 
therefore the Weight of thefe Humours in the 
human Eye may be reckoned, ata Medium, to 
be to one another nearly as 1,1, and 25. In 
other Creatures this Proportion varies. Ina 
Cow, the fame Author obferved the aqueous 
Humour to be 38 Grains, the Cryftalline 52, 


and 
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and the Vitreous 360; and therefore they are 
to.each.other in the Proportionof 1, 154 


and 9,9-. In another Cow, whole Eyes were. 


a little withered, their Weight was 34, 54, 
and 347 Grains, which are to,one another 
nearly, as in the former Cafe, regard being 
had to the: withering of the Eye, in which 
the aqueous Humour always lofes moft by 
Evaporation. | 

§ 12. The fecond Humour of the Eye is 
cailed the Cry/ftalline, becanfe it~ refembles 
the pureft Cryftal in Tranfparency.. It is not 
the leaft of all the Humours,.as has been 


generally taught, the Aqueous and it being . 


of equal Weights, as has been. already ob- 
ferved:' But its Subftance is by much the 
moft firm and folid of any of them. It is 
of a lenticular, Figure, being, convex upon 
both Sides; but its Fore-part, which looks to 
the Pupil, is not fo convex as its other- Side 
next the glaffy Humour. It is covered all 
over with a very fine tranfparent Coat or 


Capfula, which, from its Finenefs, is called ~ 


Aranea, 

This Humour is fituated exactly behind the 
Pupil, but not in the Middle of .the Eye, 
where VEsaLius_places it, but a good deal 
nearer its fore than back Part. Its Axis 
coincides with the Axis of the Eye. The 
aqueous Humour fills up all the Diftance be- 

twixt 


| 
| 


4? 


‘the Vitreous, fo called, becaufe it refembles 


| 
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twixt it and the Cornea, as the vitreous does that 
betwixt it and the Retina. We have faid, that 
this Humour is convex upon both Sides, and 
that its Back-part is the moft convex: Now, 
this Convexity of its pofterior Face, is all 
received into an equal Concavity in the Fore- 
part of the glafly Humour. 

§ 13. The third Humour of the Eye. is 


melted Glafs. It is the largeft of all the 


Humours; for it filleth all the Back-part of 
the Cavity of the Globe. It is much thicker © 


than the aqueous, but thinner than the cryftal- 
line Humour. Upon its back Part the Retina 
is fpread, which it holdeth from the crytftal- 
line Humour at a Diftance requifite to receive 
the Impreffions of Objects diftin@ly, and in 
the Focus of the Rays: The Middle of its Fore- 
part has a Dimple or {mall Cavity in which 
the whole pofterior Face of the Cryftalline 
lies, as has been before obferved. » This 
Humour, as well as the Cry‘ftalline, has a 
very fine Coat which covers it all round: It 
is called Tunica vitrea, from its Office. This 


_ Tunicle, at. the Edge ofthe Cryftalline, is 


devided into two Membranes, of which the 


- one is continued over the whole anterior Part 


of the vitreous Humour, and covers that 
Dimple or Cavity in which the convex Back- 


patt of the Cryftalline lies; the other paffes 


above 


= 
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above the Cryftalline, and covers all its Fore- 
part, by which means thefe two Humours 
are clofely attached together; as may eafily 
be obferved, after they are taken out of the 
Globe; for they adhere fo clofely, that 
they are nor to be feparated without fome 
Force. 


§ 14. Befides the Tunicles and Humours ~~ 


of the Eye already defcribed, there is yet 
another Part, which, tho’. very delicate 
and fmall, yet is of confiderable Ufe in fee- 
ing Objects diftinctly at different Diftances. 
It is called Ligamentum Ciliare, becaufe it is 
compofed of {mall Filaments or Fibres, not 
unlike »the Ci/ia or Eye-lathes. 

This Ligament, or rather mufcular Procefs, 
is made up of fhort white Fibres, which 
arife from the Infide of the Choroides all round 
its circular Edge, where it joins the Uvea; 
from which Orgin they run upon the Fore- 
part of the glafly Humour, like Lines drawn 
from the Circumference to the Centre, and 
terminate all round at the Edge of the Cryftal- 
line, being attached to the Membrane of the 
vitreous Humour at that Place, where it de- 
vides to cover the Cryftalline. 


Thefe Fibres are at fome Diftance from. 


one another. But the Intervals are filled 
up with a blackifh Sort of Mucus, which 


makes — | 
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makes the whole appear like a black Mem- 
brane. 
- § 15. This is a general Idea of the Struc- 
ture of the Eye, w hich we thought neceflary 
to premife, for the fake of thofe that are but 
little acquainted with this Organ. For the 
better underftanding of which, fee the Section 
_ of the Eye at Fre. A. PLATE I. where, 
NOO reprefents the optic Nerve. 5. 
The outmoft Line OSCSO is the ex- 
ternal Coat of the Eye, whofe. Back-part 
SOOS. is the S¢clerotica, and whofe Fore- 
part SCS is the tranfparent Cornea. 
~The Line OSPSO lying immediately . with- 
in the former, is the fecond Coat of the Eye.’ 
Its* Back-part SOOS “is the Choroides, and 
its Fore-part SPS is the Uvea, in which 
the Hole at P is the Pupil. | 
The prick’d Line SOOS is the Retina. | 
The Cavity SCSRRS is the aqueous Hu- 
mour.: . 
The: Jenticular Fi igure RR is the Cry 
line. | 
All the « Space. SOOSRRS, lying” bchind 
the Cryftalline, is the vitreous Humour: ? 
SR, SR, is the Ligamentum Ciliares 
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CHAP. VIL 


Of the Sclerotica and Cornea. 


: AVING, in the laft Chapter, given 4 


A fhort Account, of the conftituent Parts 
of the Eye, I now proceed to confider thofe 
Parts. more particularly: And, firft Of the 
Sclerotica and Cornea. ory 
- § 1. The Sclerotica and Cornea, as we have 
_ before. obferved, are one and the fame Coat, 
being nothing but a Production. er Expan- 
fion of the outward Tunicle of the optic 
Nerve; yet fome Authors are greatly of- 
fended with this fuppofed Continuity, and that 
becaufe, Firfi; LH they were a Continuation, of 
the Tunicle, which the Nerve has from. the 
Dura Mater, then, fay they; they would be 
endowed with a Senfe much more exquifite 
than what they are poffefled of, and the 
Puncture made in the Sclerotica in couching 
the Cataract would be unfupportable; where- 
as it produces only a very flight Pain, tho’ 
this Membrane is not only pretty hard, but 
alfo of a’confiderable . hicknels. : 

§ 2. 


; 
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§ 2. That this Membrane is: not very 
fenfible, is moft certain; and it is probable, 
that the couching of. the Cataract would 
fcarce give any Pain at all, were not the 
- Membranes that compofe the White of the 
Kye pricked, at-the fame time, which Mem- 
branes are indeed endowed with. a very ex- 
quifite Senfe; but being thin, they are quickly 
pierced with the Needle, and therefore the 
Pain, becaufe foon over, becomes fupportable. 
But from this it does not follow, that the 
Sclerotis and Cornea are not one. continued 
Subftance with the outward Membrane of 
the optic Nerve ; for, in fevera] Parts of the 
Body, we. obferve the fame continued 
Subftance endowed with different Degrees 
of Senfibility ;| and particularly) the _ Nails 
have no Senfe at all, tho’ according to the 
Obfervation of fome Anatomifts, and thofe 
none of the meaneft Rank, they are of one 
continued Subftance with the Nerves them- 
- felves from which they arife. 

§ 3. A, fecond Argument againft the Con- 
tinuity of the outward Coat of the Nerve 
with the Subftance of the Sclerotis and Cor- 
nea, is, That, were it fo, then, in Birds and 
Fithes that have the Sclerotis converted into 
a hard bonny Subftance, the external. Mem- 
brane of the Nerve, as ~well .as. the. Cornea, 
would alfo be found bonny or cartilaginons ; 

which 
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which not: being fact, they conclude it a 
gros Error thus fo deferibe thofe Tunicles as 
an Expanfion of the outward Coat of ‘the 
| Nerve. 

§ 4. But from this Way of féagovand ree 
might as ‘well find fault with defcribine the 
Bafi s of the arta ‘next? the Heart:as one 
continued ‘Subftance with all. the-Artéries ‘of 
the Body, becaufe in feveral Anitnals itis 
found’ bonny, t tho’ at the ‘fame time’ all the 


reft of its Subftance, aswell as’that’ef the | 


other ‘Arteries arifing” th peels is’ membra- 
fous and yielding. ; 

“Every body allows, that the Tendens are 
bei ‘one continued Subftance with ‘their Mut 


cles; which? ‘could’ not be trie, were this - 


kind of reafoning conclufive; for the Tendons 


of the Thighs and Legs’ of Birds erow bontiy, | 
as they grow old; whereas their refpecive 


Mutcles always continue flefhy; foft and flexi- 
ble. We: ‘Have therefore, after the Manner 


of many " Anatomifts, taken the ‘Liberty to. 


deferibe this-and the other Coats of the Eye 
as Continuations or Expanfions of the different 
Subftaices of the optic Nerve, partly becaufe 
fach a Suppofition contributes to the. clearer 
deftribing thefe Coats, ‘and ‘partly ' becawfe 


they are fo clofely united with thefe Subftances, - 


that they cannot be feparated without ‘cutting 
{Hien 3: rs whieh: is all we fhall offer asan’ Apo- 
logy, 


bee 
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logy, leaving: every bic at Liberty to think 
etherwife, if they incline; it being:a matter 
of no great Confequencé,» with regard to 
_ What Tam to: — ‘whatever AE ae re em 
brace. 50 1 
joy sgiolNow, this etteni ml Coat oth ‘the Bye 
is compoted: of Fibres,» which do not iran. the 
fame Way, but crof& -oie ‘another in jad Mul- 
titide sof «Places, and \almoft. every where: 
Hence itis thateit isweryedifheult,to tear this 
Membrane cfiteight, the: different - Directions 
of its ohbbres) in difberent Places, making. it 
tear different ‘Ways, ae as to appedr ‘Tagy. 
geass be) 
: S¢xiebltl-is; like all the ther hibcclesains 
of the Body that -aré » of) any» Confiderable 
Thicknefs, \:compofed: of different Plates: or 
_ Pellicles applied over each other : ‘Thefe Plates 
are very) difficultly {fepaiated inthe: WSelerotis, 
becaufe of the many Wibres and Veflels which 
running crofs betwixt its two Sides tie them to- 
gether; but inthe Cornea they may be fepare ated 
with muchomore Eafes for with the Point ofa 
_ Lancet» you can ealily ‘raife three, four or five 
fuch Pellicles , each cof which may.apain be 
fuppofed. to be compofed of many. others ; 
for LeruweEnnork, in the Cornea ofia Calf 
{eparates no lefs than a hundred of them. 
‘§ 7. Some Anatomifts will not allow si 
Plembrane to be correpiac of different Pelli- 
cles, 


142 Of the Sclerotica and Cornea.. Book II. 


cles, and contend that thefe anatomical Sepa- ~ 
rations are rather Divifions of what was na- 
turally united and continuous. But, befides 
what appears in Diflection, we have a: demon- 
{trative Proof of this from what happens in 
Puftules and Abfceffes of the Coruea; for thefe 
little ‘Tumours do not only appear broad and 
flat, but frequently the Matter contained in 
them makes its Way betwixt the Pellicles, 
and falls down to the lower Edge of the 
Cornea, leaving behind it a Spot or Mark, 
which, if. oppofite to the Pupil, does — 
much darken the Sight, if not properly treated. 
Now, were the Corvea of one continued homo- 
geneal Sub{tance, the Humour finding an 
_ equal Refiftance on all hands, would always 
form a round convex Tumour: But fince thefe 
Tumours are flat and broad, and fince the 
Matter frequently makes its Way in the Man- 
ner juft now obferved, it neceflarily follows, 
that it lies betwixt its Pellicles which, by fepara- 
ting from one another where the Refiftance is 
leaft, give the Tumor a broad flat Form, and al- 
low it to pafs betwixt them to the under Edge 
of the Cornea; which could not happen, were — 
it of one continued homogeneal Subf{tance ; 
and therefore it muft be allowed to be compo- 
fed of many Pellicles or Plates applied one upon 
another. | | 
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-§ 8. In Man afd Quadrupeds, both the 
Berocice and Cornea, tho’ of a denfe com- 
pact Subftance, are neverthelefs foft, flexible 
aud yielding, like other Membranes. But, 
in Birds and Fifhes, the Sclerotica is al- 
together inflexible, being generally harder 
ites a Cartilage, and in tone quite bonny ; 
whence it feems manifeft, that in thefe Crea-. 
tures the Change of the Conformation of the 
Kye, by which it is adapted to the different: 
Diftances of Objects, does not arife from 
any Change in the Figure of the Eye itfelf, 
proceeding from the Action of its Mufcles, 
-as many have imagined; the Hardnefs and 
Inflexibility of the Sclerotica being repugnant 
to any fuch Change of Figure, “from what- 
ever Caufe it may be fuppofed to arife. 
This Change of Conformation in the Eyes 
of thefe Creatures mutt therefore proceed 
from fome other Caufe, fuch as the Con- 
traction of the Ligamentum Ciliare; and if 
this Ligament can have this Effect in thefe 
Creatures, I fee not why the fame Power 
fhould be denied to it in Man and Qua- 
drupeds, or why we fhould feek for the ae 
of this Change any where elfe. 

In Fithes, Infedts, and.all fuch Animals as 
want Eyelids to cover and defend their Eyes, 
the Cornea alfo is of a firm hard Subftance, 

as has been obferved by Fapricius ab Aqua- 
L pendente, 
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pendente; which was neceflary, that it thight 
not be hurt by fuch Particles as their Eyes 
are expofed to, and from which» the-Eyes 
of other “Animals ares do) well guatded and 
defended by their Hye-lids.. ‘T his is particular- 


ly to be obferved in cruftaceous Animals, fuch — 


as the Locufia, Gammarus, Pagarus, Cancer, &ce 
in whom Eye-lids, in place of “being: ufeful 


or neceflary, would have been hurtful, and 


an Impediment to their Sight;" “for, as 
hath been before obferved, had Nature ex- 
tended:their> hard cruiftaceous Skins over. their 
Byes, inform of Eye-lids, they could not have 
been moved to: and: again upon their’ Eyes 5 
and, were it poflible they ‘could’ be moved, 
| they would neceffarily hurt the tender Eye, 
in placetof defending, it: Therefore, provident 
Nature has’ wifely contrived another Method 
by which their Eyes might be fecured from 
external Injuries, and that is, the Hardnefs of 
the Cornea, which, in thefe Animals, exactly 
refembles the Horn of a: Lantern; and there- 


fore is not to be hurt by fuch Particles as their | 
Eyes are commonly expofed to: ©In other 


_ Animals, that want. Eyelids, the? Cornea is 
alfo commonly firm and hard, tho’ not fo 


firm as in cruftaceous Animals. . But, in all. 


Animals that are provided with Eyelids for 
seeeine and defending their Eyes, feh as 
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Man, Quadrupeds. aga Fowls, their Cor ‘nea ig 
more a7 and delicate. | 
- The accurate Mr. Winstow having 
~ obfer ed that the Cormea, after Death, is com- 
monly covered with a kind of Membrane or 
fine glairy Coat, which fometimes. tarnifhes 
the Eye to fuch a Degree, that the Pupil can 
{carcely be diftinouithed ; and obferving,' that 
- this Membrane is to be found as well in thofe 
who die with their Eyes open, as {hut, was 
made to fufpect, that it- was formed of a 
Lymph that naturally fweated thro’ thofe 
Pores of the Cornea, which SrENOo had made 
mention of in his Treatife on the Glands and 
Mutcles; and, after many fruitlefs Attempts to 
diftover thefe Pores, he was at laft fo lucky 
as to fucceed: For, by preffing the Eye in 
a certain Manner, which he lighted on by 
accident, he could diftinctly fee this Liquor 
fweat thro” thefe Pores, and form little Drops 
upon the Cornea, which gradually diffufed 
themfelves over its whole Surface. (See Mem. 
de V Academ. ann. 1721.) 
This glairy Coat is very tender and delicate, 
im fo much that it- breaks into many Pieces 
when it is touched, and is eafily removed al- 
together by wiping the Cornea. It commonly 
begins to. be formed fome little time before 
Death; whence the Eyes lofe their Brilliancy, 
and becoming dull and lifelefs, Te on a cer- 
Voll. ne - tain 
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tain Appearance which has always been look- 
ed on as a certain Sign of a fpeedy Diffolution. 
It is not therefore. without fome Reafon, 
notwithftanding what.PLemptus fays to the 
contrary, that Pr INY tells us, that while the 
Pupil reflects Images, Death is not to be 
feared. (Vid. lib. xxviii. cap. 6.) 
 § ro. It has been noticed before, that 
Marrre-Jean makes. the human Cornea a - 
Part of a Sphere whofe Diameter is only one 
eight Part lefsthan that of the Sclerotica. But 
in this he is, greatly miftaken, it being much 
more .convex.. The great Hucens,; in his _ 
Diopiricks,, prop. 31» makes the Diameter of 
the Eye about an Inch. of the Reinland. Foot, 
which is much the fame. as the old Romar 
Foot, and the Diameter of the outward: Cornea 
about three fifth Parts of an Inch. °Thisis pret- 
tynear the Truth; for Dr. Perit has thewed, ) 
that the Axis of the Eye meafures rr + Lines 
Paris Meafare; -whereas the - Diameter of. the 
Sphere of which the Cornea is a Part, is -com= 
monly only 7, 7+ or 7% Lines. : | 
The Chord. of the Cornea,, or, which is the 
fame thing, the Diameter of the Iris, in- 
cluding the Thicknefs of the Cornea, common- 
ly meafures from 5 to 54 or, 5,4. Lines.. 
(P Hiftoire de? Academ. Royal, anit. 1728.)." 
"The Diftance betwixt the Centre of ile 
Cornea and the cryftalline Lens, meafured on the 
Axis 
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Axis of the. Eye, from the Outfide of the 
Corned, is 18-,° from which deducing ~,, 
which isthe Thicknefs of the Cornea itfelf, 


there remains 1+ for the Thicknefs of both | 


Chambers of the’ aqueous Humour. 

- The Thicknefs of the Fore-chamber of this 
Humour; or the Diftance betwixt the Centre 
of the Cornea and the Centre of the Pupil, he 


found to be 0.955; but the Thicknefs of the 


pofterior Chamber, or the Diftance betwixt the 
Centre ‘of the Pupil: and the Cryftalline, he 
found to be a good deal lefs, being only 0.32; 
which two being added together, give 1.275 
for the Thicknefs of both Chambers, which is 
pee 1+, as has been before obferved: 
ye ‘From. this ereat Thinnefs of the 
potterior Chamber of the aqueous Humour, 
it is obvious, that, in the Operation of the 
Catara&; the Needle can never pafs into this 
Chamber, ‘without hurting the Iris, whofe 
Diftance from the. Cryftalline being lefs than 
the Third of a Line, can never allow of 
that Motion of the Needle that is néceflary for 
depréfling the Cataract, without tearing that 


delicate: émbrane. 


I know that a great many Operators, and. 
even MATTRE- -JEAN himfelf, have imagined, 
that thé Néedle is introduced before the Cry- 


{talline, betwixt it and the Iris; having been. _ 


led, as i ti into that Miftak e, from their 


a oo - 


feeing 
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feeing. the Needle thro’ the Pupil... But the ~ 


Opacity of the Cryftalline is not fo great, but 
that the Needle, which is always introduced be- 
hind it, may be feen thro’ this Humour; for 
I take the Opacity of the Cry{talline, to be in 
this refpect fomewhat analogous to oiled Pa- 
per, thro’? which, tho’ an Object cannot. be 
feen when placed at a Diftance behind) it,’ yet 
it may be feen pretty diftin¢tly when made to 
touch it. And, to be yet further convinced 
that the Needle i is introduced behind the Cry- 
ftalline, we need only compare. the Place of 
the Puncture and the Direction of the Needle, 
with the Situation and T hicknels, of the ory 
{talline Lens. 

From what hath wade taid it; is aly to feo, 
that the Catara& cannot be a Pellicle or Film 
{wimming in the aqueous Humour, as was gene- 
rally believed, till towards the Beginning of 
this Century, that BRissaw, MAITRE-JEAN, 
Heister, dc. fhewed it to be an Opacity 
of the Cryftalline: For, were it a Film in the 
aqueous Humour, it could not be couched by 


the Operation, as it is commonly performed, . 
becaufe the Needle never enters the Place of, 


that, Humour. ~We may: from.this-alfo fee one 
good Reafon: why fometimes this Operation 
does not fucceed fo well as might be expected; 

for, if the Operator tmiftakes the Situation of 


his che and, | imagines that it is before the . 


Cataraét 


é 
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Cataract or opaque Cryftalline, he may lofe 


much Time and Pains in poking and fearch- 
ing for the Cataract, before he can déprefs it ; 


. by which laborious Operation, the Eye mutt 


4 


fuffer confiderably, which is apt to render the 
Operation fruitlefs: .And tho’ the Operation 
fometimes fucceeds, even when the Operator. 
miftakes the Situation of the Needle, yet.it 
cannot be denied, that the opaque Body form- 
ing this Difeafe, will be the more eafily, quick- 
ly and effectually deprefled, that its Situation 
with refpect to the Necdle, and the Anatomy 
of the Eye, are exactly known. 

§12. This external Coat of the Eye, con- 


trary to the. Opiniom of LaurrenTivs, has 


Arteries, which arife from that Branch of the 
Carotid which accompanies the optic’ Nerve im 
going out of the Skull; and Veins, which dif- 
charge themfelves into the Jugulars... ‘The 
moft confiderable of thefe Veflels enter it upon. 
its Back-part near the optic Nerve, where 
they form, different. Ramitications, which 


- fome are extended thro’ this whole Coat, and 


terminate betwixt its Pellicles; others pierce 
its Pellicles, obliquely, and. enter the Globe 
itfelf, for to be diftributed to the Choroi- 
des, Uvea, Retina, and its other internal 
Parts. 


Befides thefe Veffels, there are inferted into 


this Mepbaane; fome Branches of . Nerves 
al which 
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which come from the ophthalmic Branch of 
the fifth Pair. Thefe. Branches having ac- 
companied the optic Nerve, are diftributed 
partly to the Bottom: of this Membrane, and 
are diffufed thro’ all its Subftance:». The 
reft do pierce it intirely in: other ‘Places; and 
are beftowed upon the Choroides, attaes pit 
5a la on 


CHAP. VI 
oh the Chordides and Uvea. 


Si eter. HIS. C6at lies immaey 


within the former, arid, 
has been faid before, is nothing but an ix: 
panfion of that Membranous Covering which 


“the optic Nerve receives from the Pia Mater: 
ft is a great deal thinner than either the Sclero- 
tica or Cornea; and, being very delicate and 


tender, is eafily torn aflunder: Its Fore-part, 
called Uvea, is much thicker and ftronger than 
its Back-part, called Choroides ; and this Thick- 
nefs is fuppofed to arife from. fome circular 
Fibres that are fpread upon its outward Part 
for contracting the Pupil: Yet at its Edge, 


where it forms the Pupil, if is very thin: 


and, 
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and tender ;\and: therefore-great Care ought to 
be taken: in couching the Cataract, that it be 
not torn by-the Needle, which, when it happens, 

_ the Magnitude and Figure of tae Beipil will 
be for ever changed. 

§, 2. ‘This,Coat is quite opaque in_alll its Parts; 
by which; means it allows no Light to pafs 
but what, enters by that circular Hole. im its 
| F ore-part; called the Pupil: And.this;Opacity 
is yet more increafed. by that black Pigment, 
with which: it is all over covered, and which 
makes this. Membrane. appear black, tho? it: be 
really white, as every body may be affired 
of, by fcraping and wafhing. off, this Colour, 
which eafily feparates. But. this Membrane 
ig, not/over -all. equally: covered, with this Co- - 
lour: Tt is'in’ greater Plenty in the. Back-part 
of. the Choroides, which touches the. St/erotis, 
and inthe inner or: pofterior Side of the-Uvea 
next the cryftalline Humour, than. in, the:con= 
eave. Side of the Choroides,. upon which» the 
Retina is {pread, and. in the Iris or: anterior 
: Side of, thie Uvea. 
 - § 3.) Alk Animals, as Faprtcrus ahi hin 
pendente obferves,, Have the convex: or Back- 
part, of; the Choroides always. covered; with 
more of lefs: of this: black: Pigment; but: its 
concave; Side, next the Retina, is:of: different 
Colours -in. different Animals. In:Swine,: and) 
the -greateft, Part of Birds and Fithes, as. welk 

as 
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as in Man, the Fore-fide of the Choroides is al- 
ways black ; but in-many other Creatures, fuch 
as the Lion, Camel, Bear, Ox, Dear, Sheep, 
Dog, Cat, and many other Quadrupeds, and: 
even in fome of the Bird. kind, that are not 
endowed with a good Sight, fuch as the Owl, 

and other nocturnal Birds, this ‘Tunicle is 
never black in its Fore-fide next the Retina, 
but of a fplended blue, green, yellow, pearl, 
or other bright Colour. And this I. here 
take Notice of, becaufe fome of our fubfequent 
-Reafonings, about the Manner of Vifion, and 
the Ufe of the feveral Parts of the Eye, will be. 
founded thereon. 

§ 4. The Choroidesis not atall attached tothe 
Sclerotica, which it lines internally, but by the 
Veins, Arteries and Nerves, which piercing 
the Sclerotica, are beftowed upon it, except 
at its Edge, where, in going inward, it 
forms the Uvea. | ‘This circular Edge of the 
Choroides feems to be of a different Subftance 
from the: reft of this Membrane, being much 


more hard, denfe and white, and therefore i is 


by fome called the Ciliary Circle, becaufe 
the Ligamentum Ciliare arifes therefrom. 

§ 5. Now, the Choroides, befides its mem- 
branous Fibres, has a great many others of a 
‘quite different Nature, which arifing from the 
Circumference of the Entry of the optic Nerve, 
go obliquely forwards to its Edge, where it 

forms 
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forms the Ciliary Circle; at which Place fome 
are reflected inwards towards the Edge of the 
Cryftalline, and form the mufcular Fibres of 
— the Ligamentum Ciliare: Others run forwards 
upon the Infide of the Uvea, and, like fo 
many Rays drawn from the Circumference 
towards the Centre, terminate in the Edge of | 
the Pupil. Thefe Fibres, by their Contra- 
ction, open the Pupil, and enlarge its Hole, 
when the Light is weak, or when the Object » 
is at a great Diftance, or obfcurely illumi- 
nated, that a greater Number of Rays may 
enter the Eye; as will afterwards appear. 

§ 6. Befides thefe ftreight Fibres for open- 
ing the Pupil, there are others which em=- 
brace it circularly. Thefe are truly mufcular, 
and being f{pread on the outward Side of the, 
Uvea, likea Sphincter, by their Contraction, 
they leflen the Pupil, when Objects are too 
near or luminous, that the Sight may be 
rendered more difting, and efpecially that the 
Retina may not be offended by the dazzling 
Brightnels of Objects. 

That the Uvea is furnifhed with fuch circu- 
lar Fibres, is now generally agreed by Ana- 
tomifts, tho’, 1 imagine, not fo much from — 
their being able to cacao them, as from 
Reafon. and Analogy: For-as the Contra- 
_ étion of the Pupil, upon {trong Light, is plainly 

vifible, that Contraction is juftly rene to 
Ce U be 
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be owing to fuch mufcular Fibres; and there- 
fore the famous Mr. Ruyscn, following 
in this the reafonable Doétrine of moft 
other Anatomifts, has reprefented this Ring 
of mufcular Fibres in one.or two of his 
Figures; But he tells us, at the fame time, 
Sculptor hic jufto difientius reprefentavit; nam 
in objecto ipfo non ita luculenter vifuntur. (The- 
four. Anatom. 11. p. 87.) And, in another 
Place, he ingenioufly declares (ibid. p. 14.) 
Fateor hafce_ fibras circulares non tam Iuculenter 
confpici polfe, quin oculi mentis in  fubfidium 
fint vocandi. | | 

This fame Author contends, that the Cho- — 
roides confilts of two different Membranes, 
each of which hath a diftinct Net-work of — 
Veffels, and therefore calls the external Coat 
Choroides, and the internal Ruy/chiana. But 
we fhall not wafte Time in inquiring whether — 
there- be any fuch Thing as the Membrana — 
Ruyfchiana or not; it bemg of little Confe- — 
quence whether it be thought a diftinét Mem- — 
brane, or only a Part of the Choroides. — | 

§ 7. Moft of the antient Anatomifts, fince 
the Days of GaLen, have defcribed the Uvea — 
as a convex Membrane. VEsSALtius is the 
only Author I know who has done Juftice — 
to its Fioure, by making it plain; but in this 
he was not followed by any I know, till 
Monf. Perit, in the Memoirs of the Acade-— 


ah 
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my of Sciences, Anno 1728, demonftrated it to 
be truly of that Figure. 
; What may have led fo many famous Au- 
thors into this Miftake, feems to bethe Con- 
vexity which it really has in Cows, Sheep, and 
fome other Creatures they may have diffected, 
joined to the convex Appearance it makes in 
Man, when his Eyesare looked to. But in Man, 
it is always plan; and Monf. Perit has 
fhewed, that, tho’ this Membrane be plain, it 
muft be feen convex, by Reafon of the Re- 
fractions which the vifual Rays fuffer in paffine 
thro’ the Cornea and aqueous Humour; and, 
to confirm this by Experiment,: he caufed 
make a little Machine, fimilar to, the anterior 
Part of the Eye, and, according as this Ma- 
chine was full of Water, or empty, one could 
fee that the fame plain Surface, which was 
in place of the Uvea, appeared either convex 
or plain; which is an experimental Proof, 
that it is the aqueous Humour that canfes this 
convex Appearance of the Uvea in the hu- 
man Eye; and thofe that have any Know- 
ledge in Optics, will eafily fee the Reafon of 
it. | ae , 
§ 8. The learned R1oLan (4uthropograph. 
lib. iv. cap. 4.) has obferved, that in a Cow’s 
Eye boiled, the Uvea can be eafily feparated from 
the Choroides, by being drawn from it with the 
Point of aScalpel; from which he cones 
an 
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and that not without fome Appearance of 
Reafon, that the Uvea isa diftinét Membrane 
from the Choroides, and only contiguous to it. 
The fame Author alfo affirms, that the like 
Separation may be made in in the human 
Eye, tho’ not fo eafily. But in this, I ima- 
gine, he is miftaken; for, with PLemptius, 
and feveral others, this Separation could not 
he made to fuccéed. 

§ 9. This Coat has Nerves, Arteries and 
Veins from thofe of the Sele isin: which, ‘as 
we have before obferved, pierce it in a great 
many Places, and are diftributed thro’ all this — 
Membrane. Of thefe, Arteries and Veins a 
great many Branches alfo pierce this Membrane 
itfelf, and are diftributed to the Retina, Liga- 
mentum Ciliare,.and the Membranes covering 
the cryftalline id vitreous Humours. Thofe 
who defire a more particular Account of thefe 
Veffels, and the beautiful Plexu/fes formed by 
them in the Choroides and Uvea, may confult 
the famous Ruyscxu, whofe fubtile Injections 
have difcovered moft wonderful Ramifications 
and Net-works in thefe Parts. | 

§ ro. The Pupil or round Hole with which 
the. Uvea is peirced, has no fixed Meafure, 
being greater or fimaller, according as lefs — 
or more Light fhines upon the Eye. | 

This any one may try; for, when the Light 
is ftrong, or the viftal Objec too luminous, 

we 
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we contract the Pupil for intercepting a Part 
- of the Light, which. otherwife would dazzle 
and hurt our Eyes ; but when our Eyes are 
in no Danger of. being hurt by the Light, 
and efpecially if the Light is fo weak as to 
make but a faint obfcure “Pidtire on the Retina, 
we enlarge this Aperture, that more Light 
may enter the Eye for making a- fufficient 
Impreffion on this Membrane. 
§ 11. This Aperture alfo contratts at the 
neat Approach of any {mall Object, when 
we endeavour to view it diftinclly. 3 
§ 12. The ingenious Dr. WuytrT, in his 
Efjay on the V: ital Motions, p. 134. tells us, 
That Pirempius was the firft who obferved 
this Motion; but in this I apprehend he is mi- 
ftaken; for PLEmMpi1us no where aflumes the 
_ Honour of this Difcovery, and he did not write 
his Ophthalmographia, in which he takes Notice 
of this Motion, till the year 1632, long be-~ 
fore which it had been obferved by others; 
and particularly by the learned SCHEINER, 
who, tho’ he was not himfelf the firft Difco- 
verer of it, yet he has demonftrated this 
Motion by convincing Experiments, in his 
Fundamentum Opticum, Tib. 1. part. 2. publith- 
ed in the year 16109. : 
¥'13. The Reale of this Contraction. is, 
-becaufe, when the Object is nearer than the 
neareft Limits of diftiné: Vifion, the Rays 
that come from the feveral Points of the Ob- 


jet 
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jet will not be united in fo many correfponding 


Points in the Retina, but at fome Place behind 
it, whence the Picture on the Retina, and the 
_Vifion thereby caufed, will be confufed -and 
indiftin®; {till the more confufed, the nearer 
the Object is to the Eye; but, by the Con- 
traction of the Pupil, the little luminous Pencils, 
which have for their ex a Point in the Ob- 
ject, and for their Bafis the Aperture of the 
Pupil, will, by reafon of their Acutenefs, 
proceeding from the Contraction of the Pupil, 


‘ 
‘ 


take up a fmaller Space on the Retina; - full : 


the fmaller, the more the Pupil is contracted ; 
by which means the Confufion in. the Pi- 


cture will become lefs, and the Sight will be » 


made more diftinct, tho’ lefs clear. “Vhis there- 
fore isa good Reafon for contracting the Pu- 
pil, when Objects are nearer than the. neareft 
Limits of diftinct Vifion ; for they are there- 
by rendered more diftin@, and at that Di- 
{ftance, they are fufficiently luminous to be 
clearly enough feen, tho’ the Pupil be a little 
contracted. 

But the Pupil may alfo contract in view- 
ing Objects a little more remote than thefe 
neareft Limits; for, tho’ the Eye can adapt 


itfelf to that Diftance, yet, if the Objectis 


large and uncompounded, or if the Parts it 
confitts of, and to which the Eye is attentive, 
are not too fmall, there will be no Need of 


accommodating the Eye exactly.to its Di 


{tance, 


i 


| < 
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— tance, a leffer and lefs laborious Contraction 
of the Ligamentum Ciliare may faffice to fhow 
the Object with fufficient DiftinGnefs, efpecial- 
ly when the Pupil is contracted at the fame 
time; and therefore the Pupil may have 
good Reafon to contract, even when Objects 
are within the Limits of diftinct Vifion, for 
rendering the Sight more diftin&, and at 
the. fame time, for avoiding that painful and 
more laborious Contra@ion of the Ciliary 
_ Ligament, which would be neceflary to fee 
the Object with fufficient Diftinétnefs, and 
which, by being on the Strain, would be very 
fatiguing, when the Object is viewed for any 
time together. 

§ 14. But if the Object is not fufficiently 
luminous, this Ligament will not be eafed 
of any Part of this Labour, in making 'the 
Object appear diftinct by the Contraction of 
the Pupil; for, in this Cafe, the Pupil will 
rather be enlarged for letting in more Light, . 
that the Object may be feen with firfficient 
Brightnefs. And this is the Reafon why 'Ob- 
jects at a Diftance, and beyond the furtheft 
Limits of diftinct ‘Vifion, are feldom made 
more diftiné& by the Contraction of the Pupil ; 
for the Light being commonly weak in diftant 
Objects, the Pupil is fo far from contracting, 
that there is often a Neceflity that it be dila- 
‘ted, to take in more Light, that the Object 
may 
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‘mayappear fufficiently bright and luminous ; 
yet when the Object is. very bright, the 
Pupil will contract, for rendering the Sight 
more diftinét, at whatever Diftance the Ob- 
jet be from the Eye; for then that Con- 
traction anfwers two Purpofes; one to exclude 
An over-great Quantity of Light, which would 
be offenfive to the Eye, the other to leflen 
the Indiftinétneds. | 

§ 15. In Children, this Aperture is ufual- 
ly more dilated than in grown Perfons. 

This may be eafily feen; for, in grown 
-Perfons, the Diameter of the Pupil feldom 
appears equal to the Breadth of the Ring of 
theUvea on either Side of it; that is, is fel- 
dom equal to one third of the Breadth of the 
Cornea or Iris, and is often much lefs, efpeci- 
ally in a good Light. But in Children, the 
Diameter of the Pupil fcarce ever appears fo 
little as one third of the Breadth of the Cornea, — 
and often exceeds Half that Breadth. , 

Suppofing then the Diameter of a Child’s 
Pupil, in its relaxed State, when the Light 
is weak, to be Half the Breadth of the Iris or 
2+: Lines; and fuppofing the orbicular Fibres, 
in their contracted. State, to become a third 
_ fhorter than when relaxed (which is the 
Degree of Contrattion that is commonly al- 
lowed to Mutcles), this Pupil, in a ftrong 
Light, will be contracted to one Line and 

two 
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two thirds, which being a third of the Breadth 
of the Cornea; is nearly what it appears to bé 
ata Medium, from fuch rude Obfervations 
as I have had occafion to make: Inlike Man- 
ner, fuppofing the Diameter of the Pupil.of 
erown Perfons, in its relaxed State; to be one 


third of the Breadth of the Cornea or Iris, or 


one Line and two thitds; in its contracted 
State, it will be one Line and one ninth Part; 
which alfo feems to be pretty near the Truth. 
But it is not eafy to determine this exactly; 
efpecially that the Magnitude of this Aperture 
is fo different, in different Perfons of the fame 
Age, and in the fame Degree of Light. 

§ 16. In elderly Perfons, the Pupil is yet 
{maller than in Adults, being feldom greater 
than the Half of the Breadth of the Ring of 
the Uved furrounding it, and confequently is 


_ only about) one fifth of the Diameter of the 


tris; that is; is only about one Line in Diame- 
ter: And in fuch Perfons it has but very little 
Motion; whence thofe that begin to want 
Spectacles; are .obliged to hold the Candle 
between the Eye and the Paper they read, 
that the ftrong Light of the Candle may 
force their rigid Pupils intofuch a Contraction, 
as may enable them to fee more diftindly ; 
for in a {trong Light:the Pupil contraéts more 
forcibly, and to a greater Degree, than it can 


_be made to do by the Senfation of Confufion 
x 


Vou. 1. only ; 


a 
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only ; Bonteduehtly it is a Mittake to think, 
that, upon feeing an Object confufedly, the 
Pupil does always contract itfelf to the leaft 


Size it is capable of: The Degree to which 


the Pupit contracts, does in fome Meafure 
indeed depend upon the Sénfation of Con- 
fufion in the Object; but it depends yet more 


upon the Degree of Light, as may eafily be 


proved in the - following “Manner: 

§ 17. By Day-light, take a Book, and 
ftanding about the Middle of a Roo; with 
your Back to the Window, hold the Book 
fo near, that the Letters may appear indiftina, 
and yet not fo much but that you can read, 
tho’ with fome Difficulty; then turn. your 
Face to the Light, and the Book will be, 
read with more Eafe. | 

Again, holding the Book at. the Gath 
Diftance from your Eye, : go into the darkeft 
Part of the Room, and ftanding with your — 
Back to the Light, you will find the Book 
not at all legible; but, upon coming to the 
Window, with your Face to the Light, you 
will be able to read, efpecially if: the Sun. 
fhines, with great Eafe and Diftinétnefs. 
 Alfo a Perfon who has been obliged for 
fome Years to ufe Spectacles in reading, will, 
in the Sun-fhine, be able to read very eafily 
without them. | 

ITO. From 
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From thefe, and fuch like Experiments, it 
appears, that the Contraction of the Pupil 
depends more upon the Strength of the Light, 
_ than upon the Senfation of Confufion in the 
Object. And this is the Reafon why fuch 
as begin to. need Spectacles, hold the Candie 
between the Eye and the Paper they read, 
for caufing the Pupil to contract, that they 
may fee it more diftinély ; and their holding . 
the Candle.in this Manner, is a certain Sign 
that they begin to want Spectacles. 

§ 18. If it fhould here be afked, why tiie: 
Pupil is fo large in Children, and grows 
{maller and {mailer continually, .as they ad- 
vance in Years, fo as in old Age to be fo 
very fall as itis? 

To this I. anfwer, That, in CGunleians the 
Byes are full and plump, from a plentiful 
Supply of all the Humours that diftend the 
Globe, by which Means. the circular Edge 
of the Uvea, where it is joined to the other 
Coats of the Eye, muft be kept at a confider- 
able Diftance from its Centre, and confe- 
quently the Pupil muft be extended and drawn 
out to a confiderable Bignefs; and the natu- 
ral State of the Pupil being a State of Dilata- 
tion, the Pupil muft on. that Account remain 
in this dilated State, unlefs when the Mind 
interpofes, and wills it to contrat, when the _ 

. Light. 


Y64 Of the Choroides and Uvea, Book I, 


Light is too ftrong, or when the Pictures are 


not diftingt upon the Retinas 

This Largenefs of the Pupil in Children i is 
inerefore to be confidered as natural to- it, and 
drifing from the Make and Plenitude of their 
Eyes;- and tho’ it had been the one Half 
{mallet than it is,’ it would ftill have been 
efteemed large, becaufe larger than afterwards 
in a more advanced Age; for nothing is 
great or fmall in itfelf abfolutely confidered, 
but only. relatively to fomething ele with 
which it is compared, 

This whole: ‘Queftion therefore rfl es into 
this, Why the Pupil grows fmaller and {mal 
ler continually as we advance in “4 ears? ‘Phe 
Anfwer to which is eafy: 


For, as we Advance «in years, the Pupil 
mutt gradually diminifh, from the Decay that. 
happens in the Humours of ‘the Eye, and 


elpecially in the Aqueors, which always de- 
cays the moft; for that thefe Humours era- 
dually decay, feems evident from the Smallnefs 
and Sinking of the Eyes of elderly Perfons ; 


and that’ the aqueous Humour decays the’ 


moft, feems evident, not only from the Flat- 
nefs- and ‘Schriveling of the Cornea in fuch 
Perfons, ‘but alfo ‘from’ the prefbytical: or 
Long-fight, that always increafes as we increafe 
in years, infomuch that in eld Age we 
cannot read at all at an ordinary Diftance, 

without 
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without the Affiftance: of Glaltes, to fupply 
the Defect of Convexity’in the Cornea, by 
increafing the Refraction ; for it is a Miftake to’ 
think, that an ‘anfoner Sinking in’ all the’ 
Coats and Humours of ‘the Eye, can render 
the Eye prefbytical: This would have a quite: 


contrary Effect, and the Eye, in place of 


becoming prefbytical, would become: {hort 
fighted, as in Children,’ ‘whofe’ Eyes are’ 
fmaller than thofe of Men; forthe leaft 
Diftance' any Eye can fee: diftinély at, is in. 
a Certain fixed Proportion to its Length, or’ 
the Diftance of the Retina from the refraGting” 


Humours; ' and «therefore © this: ‘prefbytical' 


Sight argues a FlatnefS in the Eye; ‘arifing’ 


from a Penury of the aqueous Humour. 
| Now, from this Decay and Scarcity of all 
the Humours of the Eye, the Eye muft rece 


farily contract, and become lefs and‘ le&S by 


Degrees; by which means the outward Edge 


of the Used will be brought nearer to-its Cen-' 


tre, and confequently the Pupil will become 
narrower. 


But this Narrownefs of the Pupil will be . 


yet more increafed, by the greater Decay that 
is in the aqueous Humour > for the Funicles 

of the Eye, atthe Edge of the Choroides, 
- where it joins the Vien, for Want of a fuf- 


ficient Preffure from withitt ae that «Plate; 


proceeding from the  Penur ry and Decay of 
the 


re 
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the aqueous Humour, will be made to fall 
inwards towards the Axis of the Eye, by 
which the Uvea will. become narrower, and 
the Pupil will be reduced to a lefs Size, than 
what would have happened had: the whole 
Eye contracted uniformly over all. 

§ 19.. This Theory is greatly confirmed 


from what may be obferved as to the State 


of the Pupil in the peerayatere and Mi- 
crophthalmia. 
Tn the Exophthalnia, which confifts. in the 


immoderate’ Fullnefs and Diftention -of the 


Globe, the Pupil is always greatly . dilated ; 
whereas, on the contrary, in. the .Micro- 
phthalmia, or Atrophy of the Eye, from what- 


ever Caufe it may have proceeded, the Pupil. 


is always found contracted; which Contraction 


can proceed from nothing but a Penury of the | 


Humours of the Eye, and efpecially of the 
Aqueous ; for it is alfo to be obferved, that 
when the aqueous Humour is loft or diminifh- 
ed, by a Wound made in the Cornea, the 
Pupil prefently: Contraéts, and has. its Size 
lefflened, tho’ the other Humours remain as 


they were before. This was taken notice of. 
by Garten (de Symptom. Cauf. lib. 1.) who 


therefore, with great Reafon, attributes the 


Corrugation of the Cornea of old Men,. 
when it is accompanied with a Contraction of 
the Pupil, to a ScarsHy of the aqueous Hu-- 


MOur ; 


, 
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mour; whereas, when the Pupil continues of 

a natural Size, he afcribes the Symptom to 
the Cornea itfelf. But of this more heres 
afters.) 1s au } 

§ 20. But there is yet another Reafon why 
the Pupil becomes {maller, as we advance in 
Years, and that is, its frequent Contraction, 
in order to fee near Objects with  fufficient 
Diftinanefs. | si 

For, when the Sight is-perfect, that is, 
when it is neither two {trong nor two weak, 
and more efpecially when the Sight is prefby- 
tical or weak, all Objects that are very near 
the Eyes will appear confufed and indiftinét: 
To remedy which Confufion, the Pupil con- 
tracts, and, by contracting, becomes {maller 
and fmaller continually ; for, by its frequent 
Contractions, to fee near Objects more diftinat- 
ly, the orbicular Fibres fhrink and become 
dsdtier by which means the Pupil becomes 
narrower ; juft as the Fingers of Work-people 
are much bended, by the frequent Contractions 
of the Flexores Digitorum. | 

It is therefore no Wonder, that the Pupil, 
which in Children is large, fhould gradually be- 
come narrower and more contracted as they . 
advance in Age; for, as they advance in Age, 
the Sight becomes more and more prefbytical, 
which muft occafion the Pupil to contrac 
more and more, for to fee near Objects di- 
| {tinctly. 
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ftindly. dW lience we may fee, why the Pupil, 


which in-Children is large, always ‘continues . © 


pretty much fo in thofe who are "Short-fight- 
ed; for in them near Objects appear ditting, 
and therefore they are not obliged to contract 
the Pupil for fecing fuch Objects more diftingt- | 
ly ;. and tho’ diftant Objects appear confufed, 
yet the Pupil feldom contracts for feeing them 
more. diftinctly ; becaufe, when the ‘Objet 
is} at-a Diftance, it fends lefs Light. into the 
Eye than what is neceflary for feeing clearly; 
unlefs when the Pupil is dilated. 

§ 21. But there is yet a third, Reafon 
why the Pupil becomes fimaller as we ad- 
vance in Years, and that is, the different States 
and Conditions of the Cornea in’ the different 
Stages of Life: _ 

In Children, the Coruea is extremely flexible 
and yielding, fo as to be very eafily bent in- _ 
to amore convex Figure, when the Cryftal- 
line is moved forwards for fecing near Ob- 


jects more diftin@ly ;. and the Gonindds being’ 1 


thus bent, the Cryftalline. will not need to be 
brought fo mach forwards, as it behoved to 
have been for diftinct Vifion, had the Cornea 


been more ftiff and unflexible. Children will 7 


therefore fee near Objects diftinétly with a 
{mall and. eafy Motion of the Cryftalline, and 
will have little occafion to contract. their 
_ Pupil for rendering their Sight diftiné. But 


Sa 


\ 
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in grown Perfons, the Cornea is fomewhat fiffer; 


and does not fo eafily bend; whence the. 


Cryftalline will need to be moved more for- 
wards; by a greater and more laborious Con- 
traction of the Ciliary Proce; to avoid 
which they will have frequent occafion to con- 
tract the Pupil.for to enable them to fee near 


Objects more diftinctly. And in elderly Per-— 


fons this Contraction of the Pupil will be yet 
more neécéflary for fe¢ing more diftindy at 
a {mall Diftance; for in them the Eye is 


not only flatter, but the Cornea being more 


rigid, is incapable of bending into a more 
convex Fieure. And this is the Reafon why 
they cari hardly read without Spectacles, un- 
lefs the Print be very large, or the Light 
very ftrong, fo as to catife a great Contraction 
of the Pupil ; -for, as has been already 


noticed, in a ftrone Light the Pupil contracts 


more forcibly, and to a greater Degree, than 


it can be made to do by the Senfation of 
Confufion only; and it is for this Reafon, 


that elderly Perfons are obliged to hold the 


Candle between the Eye and the Paper they’ 


read ; and. their doing fo, is a certain Sign 


they begin to. want Spectacles: But all this 
will be better underftood from what is to 
follow concérning the Manner of Vifion, and 
the Ufe of the feveral Parts of the Eye con- 

Vou. | ¥ | cemed 
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cerned. therein, which I fhall not now at- 
ticipate. 
hy ee. 7 het inpcaibls Dr. WuyTT, in his 
Effay on the Vital Motions (Page 138.): has 
_ givenus a different Solution of this Phenomenon, 
which, tho’? it be fuch as I cannot think fa- 
tisfactory, yet the Regard-I have for the learn- 
ed Author will not allow me to it by 
without noticing it. - | 
He fays, << in Infants, bat 2 more efpecially 
“in fuch as are newly born, the Pupil is 
‘* confiderably wider than in grown People, 
‘‘ where the Eyes of both are expofed to 
‘“< the fame Degree of Light; 1. Becaufe in 


« Fetufes, and new born Children, the Cornea 
ye: 


nan 


«not fufficiently ftretched, on account of 
‘«« the fmall Quantity of the aqueous Humour, 
«¢ Vifion ‘is very indiftinét, and. the Retina 
‘< is lefs affected by the Rays of Light, which 
“are neither freely tranfmitted to, nor pro- 
“« perly colleéted upon it: 7? . 
_ But, furely, if Vifion is very indifting in. 
fuch Children, the Pupjl ought to contract, 
to diminith the. Indiftinaine®s ; for, by fuch 
a Contraction, the Indiftinetnef. is always 
leflened, whether this Indiftinénes proceeds 
from the Object’s being too near or too far 
off for diftinét Vifion, or, which is the fame 
Thing, whether the Eye be too flat or too 

| convex. 


being thicker, lefs tran{parent, flatter, and j 


Chap. VIII. Of the Choroides and Uvea. 171 


convex. This the Doctor feems not to have 


adverted to, elfe he would not have affirmed 


+ (p. 135.) “ When we look at remote Objects, 


yi 


na 
a“ 


-« the Pupil becomes wider, chiefly becaufe the 


*« Contraction of its Sphincter Mufcle is no 


© Jonger neceflary to leffen the Diffipation 


<< of the Rays.” ‘The contrary.of which 


‘is fo evident, that the Doctor himfelf, on 


Spraba will no doubt readily acknowledge 
t; and therefore the Pupil of young Children 
nee te contract, to diminith the Indiftinct- 


‘nef ; ;and'tho’ in fuch Children lefs Light 
‘fhould. be tranfmitted to the Retina, on ac- — 


coum of the fuppofed Thicknefs and Want 
of ‘Tranfparency in the Cornea, yet, accord- 


ing to this Gentleman’s Principles, this ought 


not to hinder the Pupil from. contracting ; 


for, in the fame Page, he maintains, << That 


“ the Contraction of the Pupil is principally 


“owing to a voluntary Exertion of the 


“~ 
an 


Mind’s: Power in order to render Vifion 
more diftinct, but, in a. very~ {mall 
Degree, to the ftronger and more vivid 
Light which the Object reflects upom tire 
“« Eye; ” and, in confequence of this Prin- 
ciple, he, without Ceremony, and, in my 
Apprehenfion, fomewhat rafhly, accufes the 
juitly famous and truly learned Dr. JurIN 
of a Miftake in faying, “ That in a faint 


-~ 
nw 


nan 
rn 


Light the Pupil i is fo far from contracting 


(74 in 
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“in order to diftinét Vifion, that there is 
* rather a Neceflity of dilating it in order 
“to take in more ‘Light.’ * (See the fore- 
mentioned Ejay, p. 134.) But, in my Ap- 
prehenfion, this dent leman himfelf is . the 
Perfon that is guilty of the Miftake, and not 
Dr. Jurtn; for the Do¢tor has proved, by 
unexceptionable Experiments, that in a {trong 
Light the Pupil contracts toa greater Degree 
than it can be made to do by. the Senfation 
of Confufion only ; and that upon feeing an 
Object confufedly, it does not always contract 
itfelf to the leaft Size it is capable of, (See 
his excellent Effay upon diflind and indiftind 
Vifion, par. 148.) 

If it fhould be faid, that in Children ‘the 
Pupil is dilated, becaufe lef Light enters 
their Eyes.on account of the Opacity of the 
Cornea, “and that the Indiftin@nefS§ of Sight, 
arifing from the Flatnefs of the Cornea, is not 
fufficient to prevent this Dilatation; I readily 
acknowledge, that the Reafoning is juft, tho’ 
contrary to our Author’s Principles. | But, 
as Children are obferved to fee at leaft as 


clearly as’ afterwards when grown up, and 
much more fo than elderly Perfons, this - 


Reafoning will not folve the Peobiem in 

queftion, becawfe built on an Error in 

Fact. | | | 
2, Another 


-~ 


| 
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2. Another Reafon brought by this learned 


Gentleman is, ‘* becaufe Children want in a 


noreat Meafure the Faculty of contracting 
« the Pupil in order to the more diftinct 
 Vifion of near Objects, which (fays he) 
*« feems to be partly acquired by Habit.” 
But, as I know no Reafon for thinking that 
Childrenare deprived of any Part of this Pow- 
er, or that they acquire it afterwards by Ha- 
bit, I cannot reft this Phenomenon on {o im- 
probable a Foundation. We fee Children 
open and fhut their Eyes, fwallow down their 
Food, and move all their Limbs with as much 
Agility and Eafe as afterwards. We fee they 
can bend their Body a good way back, and 
can bring their Toes to “their Mouth, nailer 
of which they can do fo eafily after that 
they are grown up; andthe Mufcles of Re- 
fpiration, as well as thofe of Deglutition, per- 
form their Office from the Birth, as. well as 
at the Age of fifty; and therefore it may 
reafonably. be prefumed, that Children can, 
from the Beginning, contract their Pupils, 
and that this Dilatation of the Pupil does not 
proceed from any want of Power in them to 
contract it, And to infer that Children want 
Power to contract the Pupil, becaufe in them 
it is found dilated, is to argue ina Circle: It 


-ig to conclude, that the Pupil i is large in Child- 


ren, becaufe they want the Power of contracting - 
i€; and that they have not the Power of 
contracting 
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contisidting it, becaufe in them it is always 
large and dilated ; which ies of Reafoning 
will not fatisfy. 

I might here add fiiier: that it is not only 
a reafonable Prefumption, that Children from 
the Beginning are poflefled of a Power of con- 
tracting their Pupils, but it has alfo been hand- 
-ed down to us as an eftablifhed Fact by the 
-moft unexceptionable Authors. De Ja Hire 
himfelf, in the firft Page of his Differtation, 
fur te differens Adcidens de la Viie, tells us this 
in the following Words: Les Enfensa caufe 
‘que leurs mufcles et leurs tendons font encore 
fort mous, peuvent avec facilité dilater beaucoup 
P ouverture de la prunelle dans P obfcurité, et 


au contraire la refferr er extremement dans la grand =~ 


lumiere, ©. - 
But our Author o0es on, and adds, that 


«« in old People the Pupil becomes lef$ move-_ 7 


“ able, becaufe the Retina grows lef fenfible 
Srof: the Stimulus of Light, Taig the mufcular 
.« Fibres of the Iris lofe in part their contractile 
.** Power. | Further, in old Age, the Cornea, 4 


¢* on account of the decreafe of the aqueous 


“« Humour, not only lofes its Brilliancy, but 
“becomes alfo in fome Degree wrinkled; 
«© whence the Retina will be lel affected by 
* Light, and confequently the Pupil will be 
~ 66 ae bonkdaeaes 2 50. far this ingenious 
Gentleman. 


na 


But 
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But if, in old Age, the Retina grows lefs fen~ 
fible of Light (as will readily be acknowledged) 
the Pupil, in place of being contracted, ought 
to dilate itfelf, to take in more Light, « efpeci- | 
“* ally that (as our Author informs ts) the muf- 
*< cular Fibres of the Iris, (by which the Pupil 
*« is contracted) have in part loft their con- 
** tractile Power:” For our Author acknow- 


ledges, that ‘* the naturai State of the Pupil 


PAT 


<* is that of Dilation, and that the longitudinal 
“ Fibres of the Iris being much more con- 
*< fpicuous and ftronger than the circular Plan, 
« muft, by their natural Contraction, keep the 
« Pupil always dilated, unlefs the latter are 
“« excited into Action by fome particular 
** Caufe.” To.me therefore it appears, that 
the Infenfibility of the Retia, and the Weak- 
nefs of the contractile Power of the mufcular 
Fibres of the Iris, are fo far from having any 
hand in that Contraction of the Pupil, which 
eradually increafes as we increale in years, that 
they ought rather to OncAlion a gradual Dilata- 
tion of it. 
And the fame thing may be faid of that 
*« Wrinkling and. want of Brilliancy (as he 
** calls it) in the Cornea, by which the Retina 
** becomes lefs affected by Light:” ‘For the lets 
the Retina fuffers by Light, the Pupil ought to 
dilate itfelf the more; as he himfelf acknow- 
ledges, when he accounts for the Widenefs of 
the 
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the Pupil in young Children, from an Opacity 
and ‘Thicknefs of the Cornea, thro’ which the 
‘Light not being freely tranfmitted, the Retina 
is lefs affected by it. 

There feéms therefore to be nothing in this 
whole Paragraph which I have laft quoted 
that can any way affift us in accounting for the 
Widene& of the Pupil in Children and its gra- 
dual Contraction as they advance in years: 
All that can reafonably be deduced from 
it; when properly explained, feems to be, that 
as we grow older, the Pupil ought oradu- 
ally to become wider and lef moveable; 
which, however, is far from being the Cafe; 
for it always ae narrower and more cor- 
tracted. 

§ 23. There is alfo 4 great Variety in the 
Maenitude of the Pupil in Perfons of the 
fame Age. In the Myopes, or thofe who are 
Short-fighted, it is commonly very large; 
whereas, in thofe whofe Sight is perfect, and 
more efpecially in the prefbytical or weal 
_ Sight, it is much fmaller. 

‘Several plaufible Hypothefes have beén in- 
vented by Men of Learning and Ingenuity for 
explaining this Phenomenon. But, to fave 
time, I fhall not now examine them. What 
to me appears moft probable, may be gathered 
from what has been already faid; for when 

the 
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“the Sight’ is perfect, ‘and: more efpedially when 
it is weak or prefbytical, the Pupil will have 


_ frequent ‘occafion: to: contract for feeing near 


Objects’ more dictin&ly : But, by thefe repeat: : 
ed Contractions, : the! orbicular Fibres mutt 
fhrink and become ‘thorter; by which “Means 


_ the Pupil will be made‘narrower; juft ‘as the 


a 


Fingers ,of’ Work-people become bended by 


the einen Contractions of the Flexores Di- 


gitorum. But in thofe who are Short-fighted, 
this will not happen ; for in them near Objects 
appear diftinét, and therefore not having oc- 
cafion to contract the Pupil for feeing fuch Ob- 
jects more diftin@ly, the Pupil will -continue 
large, much as when they were Children; for, 
tho’ diftant Objects appear confufed to fuch as 
are Short-fighted; yet the Pupil feldom con- 
tracts for feeing them diftin@ly; becaufe, when 
the Objet is at a Diftance, the Faintnefs of 
the Light caufes the Pupil to keep dilated for 
taking in more Light, that the Sight may be 
firfficiently {trong and liv ely. 

§ 24. But there is yet another Reafon for 
this epee) of the Pupil in myopical Eyes: 
For underftanding which, it muft be obferyed, 
that in the prefbytical or weak Sicht, as well 
as in that which is perfect, the Eye is more 
fenfibly affected, and fuffers nore by great 


Light, than when the Sight is myopical, with 


the fame Opening of the Pupil; for the lu 
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minous Bodies that furround us, and’ which are 
not very near us, fend Rays into the Hye, 
which, in the V ifs perfeius, axe brought to- 
gether, and united upon the Retina, and make 


but a very fmall Bafe,in the prefbytical Eye,, 


whence the Impreflion made on the. Retina 
will be ftrong and lively in both thefe Eyes, 


and muft therein caufe fome Pain and Uneafi-: 


nefs. But this will not happen fo much in the 


myopical Sight, becaufe thefe fame Rays.make ~ 
a larger Bale on the Retina; for all other 
Things being equal, the myopical Eye always. 


fees: Objects more confufedly than does either 
the perfect or prefbytical Eye: And this Con- 


fufion is caufed by the Space which the Rays. 


that come from each Point of the Object oc- 


cupy onthe Fund of the Eye. | This therefore. 
is a good Reafon why the Pupil, which in 
Children is very large, continues more fo in 


thofe who are Short-fighted, than in. thofe 
whofe Sight is either perfect or weak, and who, 
by reafon of ‘the too ftrong Impreffion made 
upon the Retina by bright “and. luminous.Qb- 
jects, are obliged to contract the Pupil for 
keeping out a Part of the Light; whence 
the Pupil becomes gradually narrower. 

§ 25. The Pupil is alfo large in fuch as have 
black Eyes, and are of a dae: black Com- 
_ plexion; and on the contrary, in thofe who are 


very 
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very fair, and have Light-blue Eyes, it is 
commonly a good deal fnaaller. 

~ ‘This was obferved by AETi1us, and after 
him by many others, who therefore imagined 
that Black-ey’d People were moft liable to that 
preternatural Dilatation of the ‘Pupil, which 
the Greeks’ called. Mydriafis and - Platycoria. 
But why the Pupil fhould thus vary with the 
Complexion and Colour of the Eyes, none 
of them have been able’ to explain. 

_ The ‘Reafon feems'to be this: When the 
Eye-lafhes are black, the Eyes are better fha- 
ded from the Light, and little Light will be re- 
fle@ed from their inner Side upon the Eye; 
and therefore the Pupil, which always dilates 
itfelf when the Light is faint, will keep wider 
than in thofe who, 1 being of a fair Complexion, 
have their’ Eye-lafhes white ; for white Eye- 
lafhes, by reflecting the Light copioufly into 
the Eye, muft make the : Pupil contract, and 
become narrower. “And this is the Reafon 
why the Pupil is fmall in fuch as are fair and 
have light-blue Eyes. 

 § 26. From this Reflexion of the Light into 
the Eyes of fair People, they fee worfe in bright 
Day-light than towards Night; as was ob- 
ferved by ARISTOTLE, and after him. by 
many others both Brita and Philofo- 
phers. » ° : 


T 
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~T know that PurmMpius denies this, upon 
the Authority of fomeof his Friends who were 
very fair, But I fafpett there has been fome 
Miftake in it; for having had ,occafion lately 
to be with a Gentleman’ of this Complexion, 
he owned to me that he faw bef, towards 
Night, and could read much better than moft 
others in a faint weak Licht, tho’, as he affured 
me, he was not Short-fighted, And the fame 
thing is confirmed by that memorable Story 
which MenaLtTus tells us. of one he knew, 
who, being very. fair, faw ill’ bright Day- 
licht but better towards Night: But, as he ad 
vanced in »years, ‘his Eye-lathes becoming 
lefS white,. this Difference in his Sight by 
day and-by night gradually diminifhed, and 

came nearer to what is common, and natural, 
This Man, being taken by the Turks, they 
dyed his Kye-lafhes Black, by which his Sight 
was greatly mended: . But it returned to what 
jt was before, when the black Colour was 
. wathed off. “All this’ I -have accounted for 
from the Colour of the. Eye-lathes, towards 
the Beginning of this Treatife; -to which 
therefore the Reader, if he pleafes, may have 
Recourfe, 
§ 27.) In Hollow-eyed . People, or fuch as: 
have their Eyes fet deep in the Socket, the 
Pupil muft alfo be large ; and, on the contra= 
ry, when the Eyes are prominent, and advance 
forward 


! 
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forward to: the Edge of the Orbit, of "Beyond 
it, it muft be much fmallers 
This I do not find has been siileess notice of, 


_ ~by Authors, But it is an obvious Confequence 


that muft follow from the Situation. of the 
' Eye; for when the Eye is fimk in the Socket, 
it is more fhaded from the Light that comes 
from Objeds at a Diftance from the Axis of Vi- 
fion, and-towards which the Eye is: not di- 
rected; and. beirig. thus! fhaded, | lefs | Light 
will enter. the Eye, and: confequently the Pu- 


pil will dilate itfelf, and, \by-dilating, will be- 


come. wider ; whereas, when the Eye is pro- 
minent, it. will receive Light, not only from 


the Object’ in view, .butalfo from all the 
Objects round. about its; for none of the 


Light being intercepted by the Orbit, it 
will all fall wponithe Eye; whence the Pupil 
_ muft contract and coniequently muft become 
Harrower, 

§ 28. It is from this fhading. of the Soe in 
Hollow-eyed People, and the Dilatation of the 
Pupil thence arifing, that they fee fo. much 
better than others, and efpecially than thofe 
whofe Eyes are prominent, 


For fince the Eye always fees bett from — 


among Darknefs, not only on account of the 
Dilatation of the Pupil, but alfo becaufe the 
Picture on the Retina is not mixed with for- 
feign Light which does not belong to. the 

Object 


| 
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Obje& in view; I fay, fince the Eye fees © 
beft from among Darknels, it muft alfo, for 
the fame Reafon, fee beft when fet deep in the 
Socket; for the Socket, by fhading the Eye, 
mutt have an Effe& fimilar to that of a long 
‘Tube, thro’ which, when applied to the Eye, 
the Stars may be feen in the Day-time, when 


_ to the naked Eye they are quite invifible: 


Whence Premptius tells us, that he knew 


feveral 'Hollow-eyed People, who lying on 


their Back upon the Ground, ‘and looking 
to the Heavens, could, in Day-light, fee the 
Stars; as well as from the Bottom of a Pit, 
or as thro’ a long Tube appliedto the Eye, 
(Opbthalmograph. lib. iv. probl. %.) But thofe 
who have’ prominent Eyes do not fee fo 
well: But they have a Remedy at hand, 
whereby their Sight may be much improved ; 
and that is, to ‘apply. their folded. Hand to 
their Eye, thro’ which they will fee as well 
as thofe who are naturally Hollow-eyed. >. 

§ 29. There is alfo a great Diverfity with re- 
eard to the Magnitude of the Pupil, according: 
to the different States and Conditions of the 
Coats and Humours of the Eye, and of the 
Retina on which the Rays are made to con- 


: verge. 


To explain this fully, would engage us too 
far in Practice, and oblige us to explain 
feveral Difeafes of the Eye, fome of which 

have 
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have not as yet been rightly explained by.the 
Generality of Authors. But as this does not. 
fo properly belong to the Subject before us, 
and would take up a good deal of Time, I 
fhall here only obferve, that, when the 
Humours are impure and muddy, the Pupil is 


_ always large, becaufe lefs Light is tranfmitted 


to the Retina: It is alfo large, when the Retina, 
from any Obftruction or Preflure upon the 
Nerve, has become lefs fenfible of the. Im- 
preflion , made upon it by the, Light. And 
this is the Reafon why the Pupil is fo. very 
large in the Amaurofis or Gutta Serena, in 
which the Retina is quite infenfible, by rea- 


_ fon of atotal Obftruction and Paraly/is in the 
- Nerve. | 


§ 30. MarTrRE-JEAN indeed affirms, that, 
in this Difeafe, the Pupil is no larger than © 
what it is uftially, when we view Objects at 
a moderate Diftance, (Malad. del’ Oeil, p. 
278.) But. this is contrary’ to what. others 
teach, and to what I myfelf have had fre- 
quent occafion to obferve; for, in the Amau- 
rofis, the Pupil is always large, unlels when 


complicated with fome other Difeafe which 


makes it narrow ; for the natural State of the 
Pupil being a State of Dilatation, when the 
Kye is infenfible of the Light, there is nothing, 


- that can hinder the Pupil from affluming that 


| 


State of Dilatation which is natural. to it. 
It 
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It is indeed true, that, when one of the 


Eyes is only affeted with this Difeafe, the 
Pupil of that Eye will dilate or contract ac- 
cording as the other Eye is {hut or open, or 
‘as lefs or more Light fhines upon it; for, 
having been accuftomed to move both Pupils 
together, a habitual or cuftomary ConneGion 
has grown up between their Motions, which 


makes the Pupil of the’ difeafed Kye fym- © 


pathize with and follow the Motion of the 
other. And this, I apprehend, is‘ what led 


MatrTre-JEAN into the Miftake he’has fallen 


into with regard to the Magnitude of the 
_ Pupil in the Amaurofi 53; and that, finding it 
pretty much contracted when the found Bye 
was open, he concluded, contrary to the Opi- 
nion commonly received, that in this Difeafe 
it is not larger than what it is naturally, when 
we view Objedts ata moderate Diftance. 

It is from this Muddinef&S and. Want 
of T raithvarélley in the Humours of the Eye, 


and from a beginning Obftruion of the optic. 


Nerve, by which the Senfibility of the Retind 
is impaired, that the Mydriafis moft common- 
ly proceeds; for, f far as I have been able 
to obferve, neither the Mydriafis, nor its op- 
pofite, the Myofis or Phthifis Pupille, are pro- 
perly Difeafes of the Eye, but only Symptoms 
arifing from fome other Difeafe or Defect in 
this Orean; whence’ we may fee, why fome 

Authors 
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Authors have defined the. Mydriafis tobe at 
Alteration of: the vifive: Faculty. from turbid 
Hamours, and why others have told us, that, 
when: the Dilatation. is: negletted, tt. ends. in a 
Suffufion or Cataradty From this alfo. 
may_fee. the. Miftake which a great many: ater 
thors have fallénm into; im afcribing all thofe 
Defects of Sight which they {ee accompanying 
the Mydriafis s and Myofis, to the Dilatation 
and Contraction of the Pupil; for few or none 
of thefe Defects arife from any fuch Caufe, 
but from that other Difeafe or Defeat” of the 
Eye from which that ey and Contra- 
ction itfelf proceeds. 

§ 32. In different Ee the Pupils are 
of different Forms, according to their peculiar 
Occafions, and the Ufe they make of them 
both by day and night. In the: Dog, Ape, 
and many: other Quadrupeds, asalfo in Birds 
of alb Kinds, and the tae art of Fithes, 
the Pupil is circular, as in Man; by~ which 
they aré enabled to. fee equally well above and. 
below,’ and “ on both’ Sides: But “in Cows, 
Gods, Horfes, Sheep, atid divers other eres 
tures, this Aperture’ is ‘oblong -or elliptical, its 
oreateft Diameter lyitie tranfverfely towards 
the. ‘Angles of the Eye. In-Cats, it is neither 
round nor. elliptical; but in Fornt: of an ‘erect 
Fiffure crofling ‘the’ Bye-lids perpendicularly.’ 
Thefe Differences are not thé Effect of blind 

Vou. I. Aa Chance, 
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Chance, but of that wife Counfel and De-— 


fisn which Nature always employs in the 
Formation of all the Parts of Animals, for 
the beft Ends and Purpofes. But this: will 
fall more naturally to be explained afterwards, 
when we come to account for the Differences 


— ql 
t 
’ 
\ 


in the Conformation of the Eyes of different te 


Creatures: 
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Secor. 1. "P°HE third Membrane - of, thé 
oof «tg» Eye. is the» Retina; concern- 
ing which I have nothing I.need to remark 
but what has been before -taken Notice ‘of in 
the general; Idea of the Eye,’ which we fhalk 


- not now. repeat; but fhall rather make fome 


Obfervations. on the optic, Nerve, of whofe 


- medullary Subftance it is an Expanfion. ~. 
. The. optic Nerves arife from thofe. Pro- 
tuberances in the Brain, of old by GaLen 
called Thalami. Nervorum Opticorum.; from 
thence they defcend towards the Bafis of the 
Skull, and going, forwards, pafs out of it in- 


to 
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to the Orbits by a Hole in their Bottom; 
at which Place they receive a Covering from 


the Dura Mater, and are inferted into the 


- Back-part of the Globe, tho’ not in its Axis, 


as Wixttis and Briccs maintain, but a 


little on the Infide towards the Nofe. 


Thefe Nerves are the largeft of all the | 


Hetvés that arife from the Brain: Like all the 
other Nerves of the Body, they are nothing 


but a Bundle of very fine foft Fibres, which 
arifing from the Brain, are covered. and tied 


together with the Membrane which they 


receive from the Pia Mater. Map IGIUS, in 
his Epiftle to FracassaTus, has) obferved, 
that in the Tunny and Sword-fith (Thinnus 
and Xiphias) thefe Fibres form a Membrane, 
which being folded up into many equal 
Plaits, like a Fan, -compofe the optic Nerves 
of thofe- Animals ; whence, when the Coats 
of the Nerve are removed, by unfolding thofe 
Plaits, 'the Nerve can be expanded _ out into 
a thin broad Membrane. This was not a 
new, Difcovery in Mazpicius; for it had 
been obferved long before by that great Ana- 
tomift EusTracHtvs (lib. de Axamin. Of,) oe 
But this Structure is peculiar to thofe Fifhes, . 


and does not take place in Man. and other | 


Creatures. Roxtrinctus indeed ‘unywarily 
fays, that this Structure is general, and obtains 
in the optic Nerves. of all Aninais without 

"Exception, 
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Exception,” w iffert. Anat. lib. iv.'cap. 32.) 
But in this he is refuted by all Anatomifts; 
and even Maypreru's himfelf informs tis, that 


in Cows, Goats, Swine, dc, whofe Eyes he 


had boiled a little, that they might be the 
better obferved with a Microfcope, he’ could 
find no fauch Foldings, but that the Nerve 
‘appeared to bea Bundle 'of longitudinal Fibres, 


ach of ‘which was covered with ‘a Coat 


from the Pia Marer, and which, when the 
‘Nerve was fqucezed, fpewed out the foft 
medullary Sub{tance which ey had from 


‘the Brain, 


‘§-2. GALEN niaintains, - that ‘the: optic 


UNéres are “hollow and ‘pervious, having a 
Cavity | in their Middle, by which they-com-~ 


frunicate at that Place where they afe conjoin-— 
éd. This Cavity, he fays, was firft obferved 
by HEROPHILUS, whofe Diligence: in ana- 
tomical Matters was {fo great, that, according 
to TERTULLTAN, he diffected no le) then 
feven hundred human Bodies. 

In this Garen was followéd by:a’ great 
many Anatomifts ; for, till, the Time of 


-Vesartus, his Authority continued fo great. 
‘amongft them, that few ventured to deny or 
‘difpate any Thine he hadaffirmed ; ‘and’ the 


learned Premprus, tho’ he rejects the 


Doétrine of GareEn, with tevard to this Com- 


munication betwixt the Nerves, yet /agreés 
| with 


& 
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with him ‘in making them pervious, and de- 
{eribes the Method by which their Cavities 
maybe found. But, as many later Anato- 
mifts have not been able to difcover thefe 
Cavities, tho’ they fought for them in the 
Manner recommended by GaLEn and PrEem- 
prus, I fcruple not to deny their Exiftence. 
I know indeed, that thefe Nerves are fomeivhat 
foft and porous in their Middle, thro’? which 
alfo an Artery runs; which may have impofed 
on fuch as entertained too favourable an Opi- 
nion of Garen, and others who had copied 
him. But Ef muft be forgiven to affirm, that 
they are never ‘hollow, as GaLEn imagitied. 
And in this T‘have the ‘Authority of CaRpus, 
VESALIUS,;: | PALLOPTUS; Kus Tacitus, 
Correr,’ COLUMBUS, VELVERDA, Agua- 
PENDENS, arid other celebrated Anatomitts; 
none of whom cotild ‘find any manifeft Cavity © 
in thofe, ‘or any of our’other Nerves. 

-§ 3. Tt ois: remarkable, ‘that the optic 
Nerves. are always’? conjoitied above the 
Cella Turcica: And this Union is fo clof, that. 
Anatomifts are not agreed about the Manner 
‘of their’ Conjunétion. Some contend, that 
they ‘crofs one another in this Place, and that 
the Richt-nerve goes to the Leftceye, and 
the Left-nerve to the Right-eye. What our 
_ juftly eminent Sir Isaac New on’s Opinion 
was, with regard to this Conjunction, may be 

feen 
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feen in thofe beautiful Queries he has antiex- 
ed to his Opzics.. His Words are,.‘* Are not 
“‘ the Species of Objects feen with both Eyes 
united where the optic Nerves meet, before 
** they come unto the Brain; the Fibres on 
* the Right-fide of both Nerves uniting 
there, and, after Union, going thence inte 
*« the Brain, in the Nerve which is on the | 
** Right-fide of the Head, and the Fibres on 
the Left-fide of bath : Nerves uniting: in 
the fame Place, and after Union, going inte 
<< the Brain in the Nerve which is on the Left- 
fide of the Head, and thefe two Nerves 
meeting in the Brain, in fuch a Manner that 
their Fibres make but one intire’ Species or 

Picture, Half of which on’ the. Right-fide 
of the Senforium comes from) the Right, 
fide of both . Eyes, - thro*' the Right-fide 
of both optic: Nerves, to the Place where- _ 
in the Nerves;meet, and from. thence on | 
the Right-fide of the Head into -the Brain ; 
and the other Half, on the Left-fide of the 
Senforium, comes in like manner from. the 
. left Side of both Eyes?” 

Others again. deny. any EaictleGiory: ‘or 
' Croffing in “thefe Nerves; but are as much. 
divided amongft themfelves in the Manner 
of their Junction; fome affirming, that they 
are only united by a clofs Cohefion, while 
others maintain, that at this Place of ee 
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there is a total Mixture and Confufion of 
Subftance; by which Means fome fuppofe, 
that the two Nerves are made to communi- 
cate with one another. 

The learned Rio. an (Auimad. in Bauchin.) 
affirms, that our .optic Nerves are only con- 
joined by fimple Contact, and that only by 
means of an interjected | nervous Tie in form 
‘of the Letter H. 

§ 4. For my own Part; I never’ could ‘fee 
any fuch Tie in any human Subject ; and’ tho’ 
it muft be acknowledged, that our optic Nerves 

are fo clofely conjoined that their Subftances 
feem to be confounded, ‘yet there are feveral 
Obfervations which plainly prove, that they 
aré united only by a clofs Cohefion, without 
any Decuffation, Interfection, Mixture or Con- 
fufion of Subftance.: 

Thus Vesatrus, AQUAPENDENS, Wateh 
VERDA and LossELivs, tell us, that they 
have fometimes. found thefe: Nerves feparated 
thro’ their whole Courfé from: the Brain” to 
the Eyes; whence we may fafely conclude, 
that. they are ‘always diftinct, tho’ they ‘are 


commonly united near © the Infundibulum, 
_ by -means of ae Membranes that cover 


: them. | 
~ The fame Tinga hus hast alo: more Cider 
once obferved, that’ one of the optic’ Nerves 


was s {mall and. withered, thre’ its whole Courfe _ 


from 
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from the difeafed Eye, to which it belonged, 
to its Origin on» the fame Side of the Brain, 
whilit ey other Nerve, belonging to the found 
Eye, was quite full and. plump, and kept: al- 
ways.on\the fame Side with the found Eye to 
which it belonged, (de Corp. Hiun, F. abrica, lib. 
Iv, cap. 4.) 

CxsALPINUS mentions fuch: another Cake 
which was feen at Pifa, anno 1590. | 

From thefe, and; fuch. like: Obfervations, 
it plainly. follows, that our optic Nerves do 
not, interfect each: other, nor mix.and confound 
their Subftances, but are only united «bya 
clofs Cohefion, without, any Communication of 
Porese 

§ $s If it. fhould ie here. allied, For ila 
Ends the optic’ Nerves are! thus: conjoined? 
The Opinion of GaLEn on! this Head 
deferves, in the Sirk te ‘to. be exami- 
neds ‘ied 
This (caaned Creek tells. us, stat thi sil 
pens.on a twofold) Account': Firff,: That 
Objects feen with both Eyes:may not appear 
double; and this he; thinks, isthe chief Rea- 
’.fon why. our optic: Nerves are united; andivhe 
glories in the-Difeovety, which, jan fays, vis 
worthy to be afcribed to fome of the Gods: 
(de\ Offs Part. libs: X«. caps 14.). sAn’ thisThe 
has,-been, and.ftill is followed by a great ma- 
ny learned, Men, both ee and ' Phi- 

lofophers — 
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lofophers ; - fome of whom, to confirm this O- 
pinion, have obferved, that in Animals that do 


not look the fame way with both Eyes, fuch as 


the Chamelion, Birds, and Fithes, the optic 


_ Nerves are not united, but are diftine thro’ 


their whole Courfe ; whereas; in Animals that 
look the fame way with*both Eyes, as Men, 
Sheep, Dops, Oxen, dv. they always neet 
before they come unto the Brain. 

§ 6. Thefe Reafons, it muft be acknow- 
ledged, are plaufible, and°at firft View feent 
to render this Hypothefis very probable; and 
yet, when the Matter fhall be duly exami- 
ned, I am confident, little Foundation will be 
found for any fuch Opinion. For, 

“ri, Vf this Conjunction were neceflary, to 
the end that Objects might appear fingle, the. 
fame would alfo be neceflary 1 in all our other 
Senfes, and every fimple Sound would be heard 
double, becaule our Ears are double, and our ~ 


? auditory Nerves quite diftina. But this is 


contrary to Experience ; every fimple Sound 


__ being heard finrple as it is, tho’ our auditory 
a Nerves are fo far from beine united, that they — 


take a different and almoft oppofite Courfe. 


Whence we conclude, that this fingle Appear- 


—~ ance of Objects does not require that our ‘Op- 


i 
: 
wi 


tic Nerves fhould be conjoined. 
2dly, When one of the Eyes is diftorted, 


| Satter’ by a Spafm in any of its Mufcles, or 


VoL. I. Bb from 


ee ee ee 


194 Of the Retina aud Optic Nerve. Reais Tt | | 


from its being prefled afide bythe Finger, fo 


as to have its Avs tuned away from the 
Objes& to which the. other is directed, all 
Objects appear double, tho’ this Diftortion 
does not diffolve the Union of the Nerves: 
Whence it follows, that this Union. cannot be — 
the Caufe why Objects are not. feen. double. 
3dly, It has been juft now fhown, from 
the Obfervations of Vesatius and CasaL- 
Pinus, that tho’ our optic Nerves coalefce 
at the. Cella Turcica, yet neverthelefs they keep 
diftin& thro” their whole Courfe, without any 
Interfection, Mixture or Confufion of Sub- 
ftance, or Communication of..Pores ; and 
therefore this fimple Cohefion, can. contribute 
nothing towards Ee finele A ERPaAT of Ob- 
jects--.:..., 
_ 4tbhy, Tho’ this Communication of Bate 
fhould be allowed, it could not caufe the Ob- 
ject to be feen fincle ; becaufe thefe Pores are 
again divided, and ‘proceed in. this. divided 
State to the Place of , Senfation in the Brain 
where the Mind or “Sentient Principle refides.., 
_ 5thly, VESALIUS, VALVERDA, AQU APEN- 
pEeNsand LossELivus,fometimesfound the op- 
tic Nerves feparated thro? their whole Courfe 
fromthe Brain to the Eyes ; and-yet thofe Per- 
fons, when in Life, faw Objects fingle as other 
Men do, which would have .been ane 
le, 
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ble, if this fingle Appearance had depended on 


the Conjunction of thofe Nerves. 


6thly, As this Conjunction ‘of the optic 
Nerves can contribute nothing towards the fingle 
Appearance of Objects, fo, on the other hand, 
this Phenomenon admits of an eafy “Solution, 
without any fuch. Suppofition; there being 


nothing more required, but that we be pof- 


. Sefled it a Power. of pets Things’ in the 


Place where they are: For tho’ the Object 


be feen by both ‘Eyes, yet being feen in the 


fame Place, it muft appear fingle; as we can 
have no Conception of the Penetration of 
Matter, or that two Things individuaily the 
fame can exift in the fame Place’ at the 
fame. Time; and that we are poffefled of a 
Power of feeing Objects in the Place where 
they are,. is Matter of Experience; the Rea- 
fon of which fhall be explained afterwards in * 


, its proper Place. | 


+ Inthe mgan° time, from this. we may fee 


| whende’ it ‘comes to Nanas that when the Pic- 


tures of two or two hundred fimilar Objects, 
either of the fame or of different ‘Colours, 
are, by Means of ‘as many ‘convex Len/és, 
caft from a Board upon a Wall, or a Sheet of 


white Paper in a dark Room, fo as «all the 
_ Pictures may coincide and fall on the fame 
_ Place of the Paper, all thefe Pictures fhall ap- 


pear but one, tho’ there be really as many 
of 
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of them painted.on the Paper..as there are. 
Objeéts without... If thefe Objects. are all of 
one Colour, this Picture will alfo be feen of 
the fame Colour; if they are ef | different 
Colours, it. will appear of that Colour which 
- refults:from the Mixture of all the different 
Colours of the Objects. But whether they — 
be of the fame or different. Colours, their 
Pictures will always Appear fingle, becaufe 
feen in the fame Place. 7 
And of the fame Kind with. this Experit 

ment, is alfo that which followeth :. Let there - 
be two fimilar Candles A and B, (fee Puate I. 
Fig. 5.). which .are about three;Feet -diftant 
from rie Board CD,’ in which is a large 
Hole at G; and let them be fo difpofed, that 
the Eye E cannot fee the Candle A, nor 
the Eye F the Candle B; if both Eyes are 
directed. to the Hole’ G, both the Candles 
fhall appears asone in that Hole; for tho’ 
the Candle A is feen’ by the Eye F in the 
vifual Line FA, and the Candle’ B by the 
' Eye E in. the vifual Line EB: yet, aS we. 
always refer the Place of Objects to the 
Choropter or the Plan on which our Eyes are 
fixed, both Candles'‘muft be feen’in the fame 
Place G where the optic Ava FA and EB 
meet; and being feen: in the fame Place, they 
muft appear as one; as. is agfeeabic: to. Eax- 
perience, ) 


And 4 
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., And as different Objects,. when feen in the 
fame Place, appear fingle ; fo, om the contrary, 


_ the fame Object, when feen in different Places, 


always appears multiplied, according to the 
Number.of Places in-which it isfeens Thus, i 
the former. Experiment, if the Hole is {mall, 


 andif the Eyes are directed to the middle Point 


H betwixt, the Candles, the Hole fhall appear 


double. » Thus alfo, when.one of the Eyes ~ 


is difterted by a Spafm in any of its Mufcles, 


- or by the Preflure of the Finger, all Objects 


~ 


Jed * at * 4 * 


will appear double; the Reafon-is, becaufe in 
both thefe Cafes the Object is: feen in two 
different Places; as \fhall be explained after- 
wards, when we come to treat of the Phe- 
momena of Vifion.’. Fhus alfo, when we look 
at an Object thro’ a: Pelyedron or. Multiplying- 
glafs, the Object appears multiplied according 
to the Number of, plain Surfaces, thro’? which 
it is feen ; becaufe each.,of thefe Surfaces, by 
Reafon. of » the different Refraction. that is 
made by them, makes the Objeét: ‘to be feen 
in a different Place;\\as-thofe who have any 
Knowledge in Optics will eafily underftand. 
But to return ; 

hi tan Guavtacast s other Reafon fa this Con- 
junction of the optic Nerves, is; that the 
vifive Rays or Spirits, which, according to 


him, conftantly ftream forth from the Nerves 


thro’ ‘both Eyes, » for sents Vifion, may, 
when 
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ns one of the Eyes is fhut-or loft, be all 
determined into the feeing Eye, for {trengthen- 


dng its Sight, and. fupplying the Want of. the 


other: It is from this greater Flow of Spirits, 


he accounts for that Enlargement of the Pupil — 


that is always to be obferved’ when the other 
Eye is {hut or loft ; and as he imagined that 
the Pupil had no Motion, but-that of dilating 
itfelf when one of the Eyes was fhut or loft; 
and again. contracting itfelf when° the Eye 
was opened. or recovered, ‘he efteemed ® in a 
convincing Proof of his Doétrine. >| 
But that what Garten fays ‘on nas Head 
may be the better underf{tood, ‘it'muft: be re= 


- membered, that tho” he was. a great Difciple; 
and in many Things’ a flavith Follower of 


ARISTOTLE, from whom he borrowed moft 
of that Philofophy with which his Writings 
abound ; yet with regard to the Manner’ in 
which Vifion is produced, he rejects the O- 
pinion of ArtsTOT LE, and rather embraces 
that of Prato, who fuppofed, that both 


. from the Eye and the Objeét there came fub- 


ftantial Effluvia, which meeting Half-way 
and encountering the ocular E fluvia, the lat= 
ter were beat back again to'the Eye, and there 
communicated the Impreffion they had re- 
ceived from thofe Effuvia which came from 
the Obje&, and fo produced the Senfe of See- 
mg This being GaALEn’s Opinion with re- 


gard 
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gard to Vifion, he might, from fuch Princi- 
ples, well fuppofe, that the Sight behoved to 


be ftrengthened in Proportion to the Flow. of 


vifual Rays or Spirits, which, ftreaming forth 
thro’. the optic. Nerve and Eye, enlarged the 
Pupil; and that the. Conjunction and Com- 
munication of thofe Nerves.-enabled us to 
determine the whole ,of thefe Spirits to the 
feeing Eye, for ftrengthening its Sight, when 
the other was fhut or loft. 

§ 8. But as GALEN. is Oren miftaken, 


| both in. his Theory of Vifion, and in his 


Theory of the Pupil’s Motion, as will appeat 


from what is to follow, we need. not, now 
wafte much Time.,in.-confuting him,; ane 
therefore fhall only obferve, 

Fi “fi, That this: Doétrine» can receive no 
Confirmation from, the above. mentioned. Di- 


datation of the Pupil; and that.-becaufe that 
Dilatation neyer proceeds, from,any Efflux of - 


vifual Rays or Spirits prefling open ‘the Pu- 
pil, as.GaLENn imagined, but.from_ other 
Caufes, to be explained’ afterwards in their 
proper Place. 

Secondly, "This ‘Doétrine ip a ee vin to 
what has been. before noticed with regard to 
the Conjunétion of the;optic Nerves, which are 


only united by a clof§ Cohefion, without. any 


Confufion of Subftance, or. ‘Communication 


of Pores, thro’ which \ the Spirits of -both 


Nerves 


eA em. © OD Me re 
PLANO Marne “se 
he 
& 


200 Of the Retina and Oprie Nerve. Book Il. 


Nerves ‘can pai to. either of the Eyes, as 
need requires, 4 

Thirdly, 1 deny, that}: hed re’ of the 
Byes j is'{huter loft, the Sight of the other 


is ftrengthened: It is indeed true, that, when — 


one of the Eyes is fhut or loft, its Pupil will 
be enlarged; becaufe it always proportions it- 
felf to the’ Scnlation: of ‘Light; whence the 
Pupil of the fecing Eye, which, for. Reafons 
that will be explained afterwards) ‘always 
fympathizes with and follows the! Motions 
of the other, will alfo be enlarged ; and 
being: thusenlarged, ObjeQs mutt’ ‘appear 


fomewhat more bright and luminous, becanfe 


then cmore Light’ goes to the Formation of 
their Pictures on the Rerind. But this’ does 
not make' the Sight of that Eye ftroriger, it 
being only in’ proportion to the Light: that 


‘enters the- Bye: ‘Whence-'we conclude, that - 


the Sight Uis-not ftrengthened by any 2 ead 

Flow of Spirits, as Gatien imagined. 
_ $9. What poflibly might have: contributed 
to have led'Gat en ‘itito this Miftake,’ is a 
Suppofition, which | find many ftil’ entertain 
conceriiing the Degree of Brightnefs: of an ‘Ob- 
ject when feen with one Eye, and with both} at 
firkt View, oné'is apt to’ imagine, that'an Object 
feen -with beth Eyes: fhould appear twice as 
bright and luminous as when feen’ only by 
one; and that becaufe each Eye gives us an 
equal 
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equal Idea of the Objee: which Idea, <it may 


\ 


being twice as bright and luminous as when _ 


therefore be thought, fhould be twice as {trong 


and lively, when both Eyes concur, as when 


only one. \ From this Suppofition, it is: pro- 
_ bable, that GaLen might have been brought 


to conclude; that, as the Appearance of Ob- 


jects is mutch the fame when feen either with ~ 
one or wit both Eyes, the Sight of the open — 


Eye behoved:to be greatly ftrengthened, while 
the other Eye remained fhut ; and for ftrength- 
ening it, he might .be led to frame this Hy- 


‘pothefis, of a gical Flow of Spirits to the © © 


open Eye. 


But it has been before demonftrated, from 
Dr. Jurrn’s accurate Experiments; that Ob- 


jects feen with both Eyes are fo far from 


feen with one only, that they are only abouta 
thirteenth Part brighter ; which is fo trifling 
a Difference, that, no: body can be. fenfible 


of it, in looking. at an Object alternately with 


cone Eye and with both; and therefore there 


was no need of framing any Hypothefis to 
account for it. Befides, as the Pupil always 


dilates when the other Eye is fhut; if this - 


Dilatation lets into the Eye but a thirteenth 
Part more of the vifual Rays, this will — be 
fufficientto make the Object truly, as well as to 


-Senfe, as bright and luminous as when it was 


feen. with both Eyes. : 
VoL | Gc | § Fo. 
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§. to. Having ‘thus rejected GaLen’s O- 
pinion with regard to the Caufe of this Con- 
junction of our optic Nerves, it may 
be expetted I fhould. now fix on fome thing 
elfes ; 

What to me appears moft probable, is, that 
| Rashad hath conjoined thefe Nerves to 
ftrengthen and fix them in their Courfe; 
which being long, might have expofed ae 
to the Danger- of being fhaked, hurt, 
turned. out of their Place, on any ‘hile OF 
violent Motion, .had they not been fixed and 
ftrengthened by this Junction. Nor is it any 
- folid Objection to this; that in fome Creatures, 
fuch as) the Chamelion, Birds and F ifhes, 
they are’ always disjoined; fince Nature in 
fuch, Cafes. may have made ufe of other 
Means. for fixing them, . which fhe was not 
obliged to follow in. Man and other Ani+ 
mals: And the like Anfwer may be made 
to the few Inftances that may be given 
of their having been found disjoined in 
Man. . 
A fecond Reafon Sie this Conjunction of 
_ thefe Nerves, is, that they might be perpendi- 
cular to the Eyes, at the Place of their Inferti- 
on: But, for underftanding what Benefit we 
receive from this, it muft be ‘temembered, that 
Monf. Mariotrter has demontftrated, that 
our nye: are infenfib] le at that Place where the 
| optic 
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optic Nerves ‘enter thems Whence it became 
neceflary that thefe Nerves fhould pierce the . 
Globe on the Infide of the optic Axis ;, for, 
had. they pierced. the. Globe in the optic Axis 
itfelf, then the middle Part of every: Object 


_ had been inyifible;. and: where all things con- 


tribute to make us fee beft, there we- had not 
feen at all. | We mutt anata have loft fome 


Part of an Object, if the optic Nerves had 


_. been placed either above or below, or on the 


: gen thence susie might. ‘proceed -per pendicuy 


Outfide of the optic Avis; becaufe an Object 
may be fo placed, as that all the Rays which 


--come from” one’ cettain~ Part of<the Object; 


may fall upon the upper, under, or Outfide of | 
both Eyes: But it. is impoflible that they 
fhould ever fall upon the Infide of both Eyes; 


and therefore, by this Infertion of the Nerves 


on the Infide of the optic Axis, that Part et \ 


the Object which is loft to one Eye; is alway 
vifible by the other. 


Now, {ince it was. neceflary that the optic 


Neryes> thould have been inferted,/on. the 


Infide of the.optic xii, it was alfo neceflary 


that they fhould have ‘been perpendicular to 


the Eye, at the Place of their Infertion ; for, 
by that. means, this Place, which. is always 
infenfible, is siiade the leaft that °is.poflible; 


_ and therefore Nature has. wifely brought our 


optic Nerves together. at the Cella Turcica, that 


larly 
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Jarly to the Place of their Infertion on the In- 


fide of the optic Axis; whereas, ‘had they 
proceeded in a ftreight Courfe from their 
Origin in the Brain to the Place of their 
Infertion, they behoved ‘to have fallen on the 
Eye obliquely; which: would have enlarged 


_ the Place of their Infertion, and confequently 3 


would have enlarged that infenfible ie in 
the Bottom of the Eye, 


Ar Silt O10 oR UA. AP th 


pha the Aqueous ‘Hiomour ; 


Sec: CT 8.7 E have before obferved, that 
' the aqueous Humont lies part- 


ly before and partly behind the Uvea, and — 
fills all that Space which is betwixt the Cornea. 


and the’ Cryftalline. The Space betwixt the 
Uvea and Cornea is called the Anterior. Chamber 
of the ‘aqueous Humour, and the Space betwixt 
the Uvea and Cryftalline is called its Pofterior 


, Chamber ; So that the Uvea divides this Hu- 


‘mour into two. Parts, excepting in its: Middle, 


where this Coat is perforated with the Pupil; 


by which 's means the aqueous Humour lying 
befor 
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before the Uvea communicates with that lying: 
behind ‘it. 

Phe famous Mont. Brissrkau, Phyfician 
~ to the King of France’s Hofpitals, and Profef> 
- for of Medecine in the Univerfity of /Doway, 
was the firft I find who gave the Name of 
_ Chambers to thefe two Spaces. In ‘this he was 
 foon followed by the learned HErsTeER, and 
now the Term is univerfally received, on ac- 
count of its Propriety and Sienificancy. 

I have already noticed, from Dr. Perit, 
that the whole of the aqueous Humour weighs - 
only four’ Grains; of this, according to the 
fame Author, only about a third Part is 
lodged in the pofterior Chamber; and there- _ 
fore the Quantity contained’ iu this Chamber _ 
muft only be one Grain and one third; and 
the Quantity in the anterior Chamber two 


- Grains and two thirds. | 


This Humour, like the Chpnea and the oithret 
Humours of the Eye, is very clear and tran 
parent. They are tranfparent, that none of 
the Light may be intercepted; and they are 
clear, that Objects may be feen in their own 
proper Colours; for, were they tinged with — 
any Colour, all Objects. would alfo appear | 
tinged with that Colour. _ 
 § 2. The Mechanifin by which this trant 

rent fie is preferved, is the fecretory 
Boner of the kha and Choroides, by which the ~ 
Blood, 
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Blood; which goes to  fupply Nourifhment 
to the Cornea and Humours of the Eye, is’ 
freed’ of : all: thofe» ‘opaque © black; Particles, 
which could in the leaft tarnifh, them, or 
diminith | their. pure: -Tranfparency. .. Thefe 
black Particles, which may be called the © 
Lees of the Blood, are therefore retained in 
the Choroides: and Uvea, which are fullied and 
~ blackned therewith. And this may. poffibly . 
be one Reafon why thofe Creatures that fee 
beft; fuch:as Eagles, and other Birds.of Prey, - 
have the. Pupil very black; and, on the 
_ contrary, the Owl, Lion, ata pee Animals 
whofe Sight. is not fo.good, have this Hole 
~ Tefs black; ; becaufe the Bottom of their Eyes 
is not covered with this black Pigment. 
ol know, that moft. Authors fuppofe, that 
the Blacknefs of the. Uvea ferves only for 
rendering this Membrane. more.opaque, that — 
no Light | ‘may. enter. the Eye but what paf 
fes the. Pupil; and,that the Blacknefs of the 
- Choroides has, no other. Ufe, .but. to ftifle the 
Rays .of Light that fall.on it, that they may 
not be reflected back upon the Retina, which 
might'.efface the Images of. Objects, -or at 
~ deaft. render them more confufed and im 
perfect. 
- But, if; we a that the convex Back- . 
part of the Choroides, next the Sclerotica, is like- | 
wife cover ed with . this. black Pigments oe 
that 
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that in-all Animals, even thofe which have 
its concave Side next ‘the Retina of another 
Colour, as AQUAPENDENS, in his Treatife de 
Oculo (Sed. 1. cap. 4.) obferves, we cannot 
but think, that it likewife contributes to the 
Prefervation of that pute Tranfparency in the 
Cornea and’ Humours of the’ Eye, which is fo 
-neceflary for the Tranfmiffion of Light; and 
that becaufe ‘there appears no other Reafon 
for the: black Colour upon the Back-part of 
the Choroides. Thus, as‘ I have before ob- 
ferved, oes Lion; Caniel; Bear, Ox, Dear, 
Sheep, .D ; Cat, and: many. other. Quadru- 
peds, : fds even fome ‘of ‘the Bird+kind, that 
are not endowed‘with a’ good Sight, fitch as 
_ the Owl; and other nocturnal Birds, which 
have the Infide of the Choroides of a fplendid 
blue, green, yellow, ‘ipearl,: or other bright 
Colour, are’ never found.°to want -a confider: 
able Quantity of thisyblack. mucuous Pigment 
upon the convex or Back-fide of this- Mem= 
brane; ‘which can ‘ferve> for nothing. elfe, 
but for rendering the Aliment, which goes to 
the Cornea and Humours of the Eye, more’ 
pure and free from ‘thofe grofs black Parts 
which might tarnifh them, “and render them 
unfit for tran{mitting ‘the Light. . 
. § 3.°This may . be illuftrated from. what 
_ happens in Jaundices;' for, as in this Difeafe 
| vai whole Body becomes yellow.from the 
‘a Bae? 
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Bile’ ‘which is not duly, fecerned: in the Liver, ‘ 


which yellow Colour again. difappears-fo- foon 
as the Obftruction is removed; fo, from a 
_ manifeft. Analogy, there feems Reafon to 
_ think,- that the Eye would foon lofe its Tranf- 

parency, were it not for the: fecretory Power 
_ Of the) Uvea, and Choroides by which the 
Blood | is. purified and freed of its moft 
opaque black Parts... Whence -it sis to be 


obferved, that Animals, whofe Blood abounds 


‘moft. with blackifh. Particles, have. always 
thofe’' Membranes - proportionally of a. more 


intenfe black Colour:' For it) is: remarkable, | 


that thofe who have moft BlacknefS in their 


Hair or Feathers, have thofe Membranes alfo . 


moft black. But I have dwelt too long on 
this Head, more. efpecially that it will fall to 
be {poke to again in treating of the Ufes of 
the Parts of the Eye. But as. it naturally fell 


to be noticed here,» q could: not. altogether 


omit it. 
§) deni he aqueous iMaeouta ig: not: only 
clear and tr anfparent | like Water, but is alfo 


_ nearly .of the fame Confiftence; for, as — 
Nucx has obferved, in many different Ani- ~ 
mals, its Confiftence very much approaches | 


that of the White of an Ege, well agitated 
into a thin Liquor: But, at different Ages, 
‘ both its Colour and* Goneiiauet is altered. 


in Hh youth, it is very thin, clear and tranfpa- — 


rent; 


“ _ 
7 
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rent; but it becomes thicker, more muddy, 
and lefs tranfparent, as we advance in Years: 
And in old Age it is frequently whitith; 
which very much darkens the Sight, by ob 
ftructing the Rays of Light in their Paflage 
to the Retina. And this is one Reafon why 
many elderly Perfons do not reap all that 
Benefit from Spectacles which they are intitled 
to expe, when by them the Pictures on the © 
Retina are made difting. 

The Reafon why this Humour is made fo 
thin and fluid, is, that the Pupil might be the 
miore eafily enlarged and leflened,. according as 
its longitudinal or circular Fibres contract; for, 
had it been of a Confiftence like that of the 
Cryftalline, or even that of the vitreous Hu- 
mour, it behoved to have refifted the Motion 
of the Uvea, by which this Aperture. is dilated 
and contra&ted, 

: § 5. This Humour is altogether void of 
Smell, unlefs it be kept for fome Ti ime, and 
then it ftinks like the White of an Lee that 

has become putrid, As for Tafte, it is almoft 
- infipid, having only fome very flight Saltith- 
nefs, which is fcarce perceptible but, in old 
Animals. It appears to be of a very Spiri- 
tuous Nature, infomuch that a great many Au- 
thors, of whom Dr. KEILL is one, thought that 
it could not be made to freeze in the oreateft 
Froft. This I find was the general Opinion 
feo le Pu Gay of 
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of Phyficians and Anatomifts, till towards the 


Beginning of this Century. But in this they 
were much miftaken; as appears from the 
Experiments and Obfervations made on frozen 
Byes, by Herster, Morcacni, Perit, 
and others. Andthe famous Boy e has alfo 
given us fome Obfervations on frozen Eyes, 
long before any of thefe Gentlemen wrote any 
thing on the Subject. 

§ 6.But tho’ this Humour can be ak to 
freeze, it is neverthclefS very fpirituous and 


volatile, and, by exhaling thro’ the Pores of , 


of the Cornea, it diminifhes confiderably in a 
very little time; as all may have obferved in the 
Eye of an Ox, or other Animal, whofe Cornea 
after Death foon fhrivels and becomes flaccid, 
from the Exhalation of this Humour. The 
other Humours do alfo diminifh by Evaporati- 
on, when the Eye is taken out of the Head, 
and, being: freed from its Fat and Mutfcles, is 
fufpended in the Air. But this Evaporation 
is very inconfiderable, when compared to that 
of the aqueous Humour, which fometimes is 
altogether evaporated, when the other Hu- 
mours have loft but a fmall Proportion of their 


Weight; as Dr. Perit has obferved (Mem. de 


P Acad. ann. 1728.) 
§ 7. This Evaporation of the aqueous Hu- 


mour, I apprehend, is the chief Caufe why the — | 


Pupil is fometimes found contracted after Death. 


But 
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But, that this may be the better under- 
ftood, it muft be obferved, that the natural 
State of the Pupil is a State of Dilatati- . 
on, and its Contraction a State of Vio- 
lence, occafioned by the Contraction of the 
circular Fibres of the Uvea.. This is mani- 
feft from its being fo very large in a Syncope, 
Apoplexy, Gutta Serena, Ge. for in thefe, — 
and fuch like Cafes, as the Eye is altogether 
infenfible of the Light, fo all the Mufcles and 
mufcular Fibres have loft their Tone and their 
Power of Contraction; and therefore the Pupil 
mutt of itfelf fall into that State which is moft 
natural to it. But, feeing in thofe Cafes it is 
always much dilated, it follows, that this is 
its natural State, and that its Contraction is a 
State of Violence, caufed by the Contraction 
of its circular Fibres. ‘And this is ftill further — 
confirmed by that dazzling Uneafinefs which 
we all feel from ftrong Light, immediately 
- afterwaking, when the Pupil may alfo be feen — 
greatly enlarged. e ask 

This being premifed, it may be afked, 
whence it comes to pafs that the Pupil, after 
Death, in place of being enlarged, is fome- 
times found greatly contracted. That this is 
true, has been obferved by the accurate 
Mr. Winstow (Mem. del? Acad. ann. 1721.) 
He there tells us, ‘* that in the greateft: Part of 
“‘the human Subjeéts he had examined, he 
‘found the Pupil of a moderate Size, and fome- 

| ‘“* times 
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** times greatly contracted, but never much 
** dilated.” 

‘There is alfo a memorable Paiffrire in Ga- 
LEN, to the fame purpofe, which ferves to fhew 


that WinsLow was not the firft who obferved. 


this Contraction, as fome have imagined. ‘His 
Words, as they ftand in LacunE’s Epitome, are: 
Porro, fi alterum oculum clauferimus, alterum ape~ 
rientes, amplificatam et dilatatam, ac weheti in iflatam 
pupillam cernimus, quod illue major copia fpiritus 
confiuat. At in mortuo animali, vel ft humor 
tenuis evacuatus non fit, laxa tamen pupilla vide~ 
tur; quod nimirwn fpiritus quidem ipfe levior 
et tenuior exiftens, factle ante anatomem evacu- 
atur; humor autem adbuc remaneat fenfibi- 
lem evacuationem pofiulans. (De Ufu Partium, 
lib. x.) | 7 


§ 8. Now, this Contraction of the Pupil, after 


Death, at firft View, feems to be impoflible, 
on the Suppofition that its natural State is a 
State of Dilatation; and from thence alfo it 
may be alledged, that its natural State is rather 


a State of Contra@tion: But, if the Matter fhall 
be duly confidered, fuch Difficulties will foon 


be removed. For, 
_ Firfi, Winstow does not fay, that the 


Pupil is never dilated after Death, ‘but only, 


“that the mever found it much. dilated ;” 
which implies, that he fometimes found it 


fomewhat ee tho’ not to an extraordinary - 
Size 5. 
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Size; and that it may be found confiderably 

dilated, if examitied immediately after Death, 

and before the aqueous Humour has been di- 

-minifhed by Evaporation, may reafonably be 
prefumed, from what has been obferved' of its 

State in Faintings, the poplexy, Aimaurofis, 

and.immediately after waking. I had occa- 

fion lately to look at the Eye of a dead Cat, 

and found the whole.Eye laid open, infomuch 

that no Veftige of the Iris was to be: feen; 

which is a further Confirmation of this Do- 

Ctrine. Add to this, that Mr. Mery, who 

it feems always happened to examine the Eyes 

- foon after Death, pofitively affirms, that after 
Death, the Pupil is always dilated, ( Hit. de 
? Acad. ann. 1710.) The Paffage is as fol- 
lows: L’état ou feront les fibres de Piris, apres 
la mort, fera donc celui ow leur reffort les tient na- 
turellement; or apres la mort la prunelle eft 
toumpours dilatée; ceft-d-dire, que les fibres droits de 
Piris font raccourcies; elles le font pareillement et 
dans le goute fereine, et dans la fyncope, dont 
Pune eft une mort de Poeil par rapport a la vi- 
fion, et Pautre une petite mort de tout Vhomme, 

- et toutes deux une privation defprits. C?eft dont 
Pétat naturel des fibres de Viris que d’eftre 
raccourcies, et de tenir la prunelle ouverte. But, 

§ 9. Secondly, Tho Winstow fometimes © 

_. found the Pupil ereatly contracted, yet this does 
not provethatto be itsnatural State, or weaker 
| ; the 
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the Arguments from which we conclude that 
its natural State is a State of Dilatation; and 
that becaufe this Contraction, after Death, may 
arife from other Caufes, and particularly from 
the Caufe already mentioned, the Evaporation 
of the aqueous Humour: For Winstow 
does not tell us how long his Subjects had. 
been dead; but, as from the Paflage fo lately 
quoted from him,.it appears, that he fome- 
times found this Aperture a little dilated, fome- 
times (and indeed for the moft Part) mode- 
rately contracted, and fometimes greatly con- 
tracted; it feems reafonable to fuppofe, that 
thefe different States of the Pupil proceeded 
from its being examined fooner or later after 
Death; and that immediately after Death, it 
was dilated, but afterwards contracted itfelf 
more and more, in proportion to the Evapo- 
ration of the aqueous Humour, that is, in 
proportion to the Time the Perfon had been 
dead, when his Eyes were examined: For, as 
in the Exophthalmia, or immoderate Fullnefs 
and Diftenfion of the Globe, the Pupil is al- 
ways much dilated, of which Nuck gives an 
Inftance, where fcarce a Veftige of the Iris 
was to be feen, (de Dud. Ocul. Aquof.) fo, on 
the contrary, when this Humour becomes lefs 
in Quantity, the Pupil always contracts. This 
is no new Difcovery: It was obferved. by 
GALEN, as appears from the following Paflage, 

, which 
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which I fhall fet down at large, as it ftands in 
the Tranflation.: Ceserum (fays he de Symptom. 
Cauf: lib. 1.) incredibile quidam, nec fieri vulgo 


_ folitum, in puero vidimus, qui Stylo in pupille 
_ loco fuerat compunétus ; nam quum fiatim effiux- 
—iffet aquofus humor, tum pupilla ipfa minor eft 


reddita, tum tota cornea apparuit rugofior.  Ca- 
terum fanatus poftea recte vidit, collecto, {cil- 


— Licet, paulatim in eo qui effluxerat humor. 


That this Contraction of the Pupil, after 
Death, proceeds from a Diminution of the a- 
queous Humour, and not from that’s being its 
natural State, is {till further confirmed, from 
what may be obferved in the Microphthalmia 
or Atrophy of the Eye; for, in that Difeafe, 
from whatever Caufe it may have proceeded, 
the Pupil is always contracted, which can pro- 
ceed from nothing but a Penury of the Hu- 
mours, and efpecially of the Aqueous. Nor 
is itto be doubted, but the Smallnefs of the 


Pupil, which always takes place in old Men, 


is likewife in a great Meafure owing to the 
fame Caufe; for in them the Eyes are fmall, 
funk, flatt, and fhriveled, from a Scarcity 
of the Humours which ufed to diftend and 
plump the Eye; whence the Pupil becomes 
{mall, as was alfo obferved by GaLen; 
Solius etiam Cornee ipfius corrugatio (fays he, 


de Symptom. Cauf. lib. 1.) qualis fenefuti con- 


ectis folet femper accidere, fimiliter vifium offendit 5 
geterum, {t pupilla fimul fit imminuta, foire licet 
a ante TS aquofum 


See ee eae 
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aquofum quoque bumorem imminutum exiftere z 
fia vero equalis per man{erit, ad folam ceratoidem 
afeitss pertinet. 

§ ro. For underftanding how a. ‘Dinthue 
Bed of the Humours of the. Eye may .occafion 
a Contraction of the Pupil, fee Fig. 6.Piat. I. 
where AVDVA is a Section of the Eye of an 
adult Perfon in its natural turgid State, 
the Centre of the Eye, CV, CA, CV, Radii, 
which, according to Psrir’s Obfervations, 
are each five Lines ‘and one third part ; AD 
its Axis, which, according to the fame Au- 
thor, is eleven Lines and one third part, 
viz. twice the Radius (or ten Lines and two 
thirds), and two thirds of a Line more, oc- 
cafioned bythe Prominency of the Cornea; 
VV, the Diameter of the Uvea, which is five 
Lines; ; P the Pupil in. its dilated State, which, 
from what I have faid before, is in grown Per- 
fons about one third of the Uvea, or one Line ~ 
and two third parts. | 

Now, let it be fuppofed, that the Humours 
of the Eye are diminifhed, fo as to reduce 
its Radii to two third parts of a Line lef&S than 
they were before; and let zauu be the Section 
of the Eye thus reduced, of which Cz and Cz 
are Radii, whofe Length will be four Lines and 
two third parts: It is plain, that, by the 
fhrinking of the Eye fronr VAV to wau, the 
extreme Points of the Uvea V and V will be 

made 
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made te move along thé Radii VC, VC, to the 
aif Points wz and 4, and that the Ovea of. this 

_ funk Eye will bew woo) 7 © 
i Now, fince in. the ‘Triangle. VCV, the 
i Ling uu is parallel to VY, it follows, that 
, eC sas 
is 
. 


CV: VV Cu ! uu! Hence tic= oy = oR 
= 48; thatis,the Uveaim this fhrunk Byé will 
; be reduced to four Lines and three eight Paits, 
_ which’ being five eight Parts of a Line: lef 
than before, the Pupil alfo:muft now be }° of 
a Line nafrower than in its moft dilated State. 
But the Pupil, in its moft dilated State, is; as 
lias been faid, one Line and , from which h if 
_ $.are deduced, there will remain i#> for the 
Widenefs of the contracted Pupil ~;. but this 
Pupil, which, in its moftdilated State} is one | 
Line. and 4 in Diameter, cannot, ‘by! the 
 frongeft Light, be made to ‘contract to a 
: lefs Size than one Line and + Part,’ which 
_ is% Parts of its former coon anal there- 
fore it is more contracted by this Diminution 
of the Humours,’ than itcan be bythe ftrone- 
eft Light, and confequently muft appearrg gteat- 
ly contracted ; as Wintsow obferved. 
vod it fhauld be alledged, that I have fup- 
pofed.a greater Diminution of the Humours, 
_ and, in confequence of that, a greater Shrink- 
ing of thé Kye than what can’ readily happen 
‘ for a confiderable Time after Death ; to this 
MVGE. Cinoupsiios DEKE 9% it 
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Jt might be. anfwered, that the Diminution’ 
of the Humours here fappoted) is not fo great. 
as what happens in the Space of twenty four: 
Hours after the Eye istaken out of the Head 
and fufpended i in the.Air; as is evident from. 
PETIT’S ease EN Mem. de P Acad. Ani. 
1728. , 
+. Buty as it:muft be: acknowledged, that this 
Evaporation. muft be ca great deal lef while 
the Eye remains in the "Head; I: fhall’ here 
thew how. this Contraction of the Pupil may 
_ happen to as great a’ Degree, tho? there. be 
not fo great'a Decay in the Humours ‘as is 
here fuppofed; -foryras’in an) Eye that hath 
been taken out of the Head, and- fufpended 
in, the! Air} the ‘aqueous Huniour always 
lofes: -moft by'.'Evaporation, in fo much 
that-in twenty-four: Hours it is fometimes 
quite diflipated, whilethe other Humours have 
loft but, :a. {mall Proportion of their Weight ; 
fo. when. the sEye™ remains «in ‘the -Head, 
which may :indced {retard the’ Evaporation 
of, thefe :other! Humours,» this” -Evaporation 
of the: aqueous Humour -will> continue much 
the fanie,; and therefore the: Tunicles of the 
Eye,at ‘the Edge of the Choroides, where 
it joins the Uvea, “for want of a’ Preffure from 
within at that Place from the aqueous Hu- 
mour,! will be made to fall inwards towards 
the dxis of the Eye, by which the Uvea mult — 
become narrower,.and confequently the Pu- | 


Bl 
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il: muft be more contracted than-what would 


hhapben, did the whole. Bye contract un 


_ formly over all. 


_ Whence we may fee, how. tea Pupil may. be 


- greatly contraéted from a Diminution of the 
agueous Humour. alone, tho’ the other’ Hu- 
- mours fhould ‘continue in their. natural -Quan- 
tity; as was obferved by GaLen, when-.the 


aqueous Humour was voided by a Wound.in 


the Cornea» .-And,'I-am perfnaded, from the 


Smallnefs and Sunknels of. the Eyes. of elder- 
ly Perfons, and from the Need they have of 
Spectacles, that there is a great Decay and 


- Scarfity of the Humours of the Eye, efpecially 


of the Aqueous, from which Decay that 
Contraction, which is to be feen in their, Pu- 
pils, is chiefly to be accoynted for; as has heen 
before noticed, 

§ 11, I have faid, that the etnies rie 
mour foon Putrefies, and acquiresa Smell like 
that of a rotten White of an Egg... Now, 
from this it follows, that, if this, Humour 


continued. in the Eye without Circulation,. it 


would foon, by the Heat of the. Body, be 
made to degenerate into anacrid Corrofivelchor, 
which, by ‘fretting and corroding the Parts, 
would foon fpoil the Eye, and render. it. for 
ever welefs... 

§ 12. and. this Cirgulation. is yet forehen 
confirnied by what happens in Wounds of the 

Eye; 
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Eye} for after that the aqueous: Humour has 
run out by the Wound, ard the Cornea there- 
by become flaccid; in a few- Days it again 
beconies ita from a frefh Supply of “this 
Humour. 


This likewife was known to’ Glo ziet as 


appears from the Paflage fo lately quoted 
from him. But, fora lone Time, it feems, 


the generality of Phyficians either over-looked . 


this Paflage, of did not believe it; for HEND. 
ab HErrs was ‘ereately furprifed to find, that 
the Eye of a Gentleman’s Daughter, and ‘thofe 
of a Cock, when wounded fo ‘that the Cornea 
funk, were again reftored by a Lithuanian 


Chymift, who paffed for a Conjurer, by the 
| Ufe of a Liquor found in May i in the Veficule 


of Elm: (0b/. Med. Ob/- 4.) And thofe that 
are knowing in the Hiftory of Medicine, will 
remember what Noife the famous BurRuY 


made about the Year 1663 with his Eye- - : 


water, which being injected into the Eye of a 


Dog, Goofe, dc. after that all the Humours, 
_ the. Cryftalline and Vitreous, as well as the 


Aqueous, had been expreffed by a Wound made 


in the Cornea, the Animal, to every body’s. 
burprife, ina few Days recovered its: Sight 


again, arid né Defeét was to be feen in the 
Eye, excepting a very flight Scar on the Cornea. 
(Vid. far Phil Epil rich 3. Epifi. 99. 

inci 8 
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and 100. item Ad. Med. Hafi. ani. 167t2 
and’ 1672. Obf? 132. and 133.) 

When Phiyficians came at. laft to” believe 
thatthe Sight could be reftored after the Eye 
had loft the aqueous Humour by ai Wound). 
_ they generally attributed the Cure to certain 
fpecific Applications, which they’ extolled as 
valuable Secrets; fuch as the above Water 
- found in theVeficule of the Elm, ‘Waters drawn 
from Celendine and other choite Ingredients, 
Waters made of’ Vitriol of Mars, myfterioufly. 
prepared, Powders and Waters made of Catechu, 
and other’ valuable Insredients, the Nojlrum 
of BurRHY communicated to the famous 
BARTHOLINE, ©c. But fauch Wounds need 
no fuch celebrated Arcana. . Nature. herfelf 


eafily' cures them, without any Affiftance, 
provided only fuch Applications are made ‘as: 


may prevent Inflammation and a Flux of Hu 


moufs on the Eye. Of this Multitudes of: 
_ Obfervations are every where tobe met with’ 


- in our more modern Authors, 
_ Tr'the Year'1670, ‘this was experimented 
upon a Goofe by Dr. DantEn Major: 
- The aqueous Humour of both Eyes they let 
out fo that the Eye’ fell, and the Goofe be- 
came quite blind: But, without the Ute of any: 
_ Medicine, in about two Days. time, Nature 
_ repaired the watry Humour again, the Eyes 
P oe to their former Turgency, and, which 
: {hows 
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Shows how little fuch Stories were at that Time 


credited, the Goofe was-in a Week: after 
produced feeing, before no lefs than 28: or 


30. Spectators :  (Ephem, (Gitte, Tom. 1. Ada. ? 


ad Obf. 117 

The like Experiment was ete i S omar 
VERIUS upon aGoofe, a Cock, and a Hen; all 
of whom, after having the whole of the Hu- 


mours fqueezed out of ‘the Eyes, again recover- 


ed their Sight, without the Affiftance of any 
Medicine. (Act Hafa: ann. 1671, and 1672, 
Obf. 133.) And we ourfelyes may have. fre- 
quent occafion to fee this verified with regard 


to the aqueous Humour, in the Operation of 


the Cataraét; for the aqueous Humour. that 
always runs out, when, from the Difficulty of 
the Operation, the Operator is obliged to 
keep the Needle long in the Eye, is again 
foon fupplied; as every body mutt have ob- 
ferved who have been verfant in that Opera- 


tion. And in the new Way of this Opera- , 


tion, in which the Cryftalline is. extraéted, 
it is always attended with a total Difcharge 
of this Humour, which neverthelefs is foon 
reftored, without the Affiftance of Medicine, 


and even.is increafed to a greater Quantity ° 


than what is natural, to ali the Place of the 


i Gryftallings 


§ 13. This gives occafion to a Queftions How 


this Humour j is fupplied, and by what means 4 
, it 
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it circulates? The learned’ Nuck; who has: 
acquiredno {mall Reputation by ‘his Anatomi+ 
cal Works, pretends to have diftovered: a: 
‘Veffel’ which brings): this Humour “into ‘the 
Eye, and: after him) Hovius’ publifhed ia: 
Treatife ‘concerning the Circulation of thofe 
‘Humours; wherein he pretends to have clearly. 
demonftrated the: abducent as well as adducent 
“Velfels.. 

> But to-me it appears, that thofe Vellels muft 
be much fmaller than what can be’ obferved 
by the Eye, otherwife the Humours they 
catry ‘would be c¢ompofed of: gtof$ opaque 
Parts, altogether unfit for tranfmitting the Rays 
of Light; and therefore it feems more than 
probable, that Hovius has impofed on him- 
{elf and others, in-the Account he has given 
of thofe Veffels, as:well as Nuck. 
‘What Tefteem moft probable in this Matter 
is, that the Blood brought to. the Choroides 
by the Arteries? already defcribed, is freed 
from: its moft opaque ¢rofs Parts. by the Se- 
~ cretion of that black Mucus, upon both Sides 
of the: Choroides and Uvea; and that it is fur- 
“ther “attenuated ‘and fubtilized by the many 
‘Turnings and Windings thofe Arteries make in 
forming Plexufes and Net-works upon thefe 
Tunicles; after which, its moft fluid and tranf- 
parent Part is received into {mall lateral Bran- 
x ches, from which again others yet pay 
eo arife, 
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arife, aid perhaps again from thefe yet .many — 
Seriefes of other Vellels full fmaller and, fmal-. — 
ler; which ‘laft diene» Paci {mall,, sin | 


ones. aust we are of opinion, that’ caele : 
laft Veflels, which, by Reafon, of their Small- — 
nefs, ate: quite invifible, iby opening, every — 


where on the Infide of the Corzea, both) Sides 


of. the Uvea and Fore-part-of the-Capful' of — 


the cryftalline, Humonr;- @es' do ¢onfta t- 


_ ly, difcharge this. tranfparent Liquor into its. 


proper Cavity ; which, that it. may not flag- 
nate, is again abforbed by: {mall Pores}which 
_ are the Mouths, of lymphatic Veins corre{pond~ 


ing to thefe Arteries. » Andothis feems ‘tebe — 


the true natural, way of :Girculation / of this 
Humour, and, does excellently ‘well acce 


unt 


for its Regeneration, after it has-been chal i 


by a Wound ia the Gorned. doo!) 
§:14. We are the: more coe ae in: this 
way of Circulation of the aqueous: Humour, 


from what happens in other, Parts of the Body. - 
In the Cavity of the Pericardium,.Ventticles — 
of the Brain, the Cavity of the Thorax arid — 
Abdomen, and, in general, in all the Cavities — 
of our Body, there is always found more; or — 
lefs of a ferous Liquor, which can only come — 


from the Arteries, which, : by {mall lateral Bran- 


hes, muft convey this Liquot into thefe Ca-. | 


vities : 
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vities: But, were it not again abforbed, it 


| _would foon be accumulated in too great Plenty, 


from the Application of Fomentations, 


and in the Head form a Hydr acephaliss, in the 


| Thorax, a Hydrops Pedoris, and in the Abdomen, 


a Hydrops Afcites, and fo forth; and therefore 
provident Nature has in all thefe Cavities 
wifely placed Pores ‘by which this Liquor is 
again returned into the Veins; it being a gene- 
ral Rule, That wherever there are exhaling 
Veffels, there are likewife inhaling or abfor- 
bent ones. ‘Thus in the Skin, as the Per/piratio 
Sandtoriana is conftantly exhaled, fo by ab- 


forbing Pores, Humidities are conftantly inha- 


led, as evidently appears from what Cie 
ata- 
plafms and Blifters, and efpecially from the 


_ Application of Meteureal Unctions. 


§ 15. When thefe exhaling arterial Veffels 


4 of the Eye are any way enlarged, or when 


their correfponding abforbent ones are ob- 
ftructed, then the aqueous Humour will be 
accumulated in too great aQuantity, and, by 
diftending the Cornea, will form’ that painful 
and obftinate Difeafe called Exophthalinia and 


‘Hydrophthalmia, in which the Pupil is always 


enlarged ; as has beet before noticed. 


Wig etho (Ps. pop rd a) ot Seep la iy 
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Siclywidy had eeeistoe se al 
ath ¢ Aa “of Ln re ssalline Fhmour. ; 


rE, haye before es that 
¥. the Cryftalline is the mott ’ 

‘eld OF ‘all, the Humours of the Eye.....From 7 
s Solidity, and. Tranfparency the Antients : 
Pnchade,” -that.. it. was, nothing but. a 
thick Cane: Humour, But, ‘tho’ it be 


Sects. a 


LBin 


ed, don 8 boiling in viele or by. pune 
‘feeped in; one Part of Aqua Fortis and three 
“Parts. of common Water, it is eafy to. obferve, 
‘that it is made. up of many thin fpherical. Lami- 
ne ot Plates lying within, each. other,, like. fo 
many Boxes. of. equal Figures, but ‘different j 
-Maenitudes, or rather like the different Pelli- 
‘cles or Plates:;which compofe an Union. Mr. 
REEUWENBOEK reckons there may: be two 
thoufand of them in. one Cryftalline, from the 


-uttermedt to the Centre.- Every one of thofe 


Lamine or Scales, he faith, he hath difcovered 


t> be made up of one fingle Fibre or fineft 
3 Thread, 


~~ ~ © 


au * 1 
, 
\ 
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Thread, woud i inva moft ‘fupenduors Mani 
ner, this way and >that way, fovas-to run fe- 
veral Courfes, and meet in as many+Centres, 


- and yet not to interfete or crofs one another 


in any one Place. © In Oxen, Sheep;-Hogs, 


Dogs and Cats, the Thread: ipreads’ into three 


feveral-Courfes, and miakes’as! many? Centres ; 
ia Whales five; but in! Hares’ and Rabbetst 
only two. Tn the whole Surface_of:an.Oxe’s 
Cryftalline, he- reckons there are “more than 
12,000° Fibres juxta-pofited.. © Butp: for the” 
right-and. clear’ underftanding of 2the Man= 
ner of this admirable Piece! of Mechanitm,>4 


fhall refer to ‘his Gutts and - =f pth in 


Philof--Tranf: N° 165.:and 2 
Tknow the Truth ‘of this fur iby Boel 
nifm hasbeen queftioned by fome ingenious 


Men. But it has. fince.been confirfted: bythe 


Obfervations of others, and particularly of the 
learned Mr, DerHAM,* who, in: his Phyfi co 
theology, undertakes to fhew it <to any body. 
with the Help ofa good Microfcope.” 

§. 2. Now, the ‘Cryftalline, tho? it be alt 


very firm and folid in refpe& of the other 


Humours, «-yet it isnot all throughout o? 

the fame: Corififtence being ‘outwardly ike 
a thick Gelly) but toivards ithe “Centren-<3 
confiftent: as’ hard “Suet. This external. Soft 
Part feems to’ be about the third of its whole 


q Bulk.” ‘Thofe who maintain that the Cryftal- 


line 
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line changes its Figure, and becomes, more 
ot lefs convex in proportion to: the different 
Diftances of Objects, think that its by means 
of this external foft Part that. it is: difpefed 
to alter its Pigures which could not fo eafily 
happen, were it all of | the fame Confiftence 
with its) other Part next the Centre...) But as 


this will fal: to be treated’ of afterwards, i 


explaining how we come to fee! diftinly at 
different Diftances, it is unneceflary to enter 
upon it heré; and therefore: I fhall only re- 
mark, in/general, that tho’ the Cryftalline does 


hot alter its Figure, yet. this Difference be- 


twixt the Confiftence’ of its external and 
internal Subftance does not. want its Ufe, as 
will appear from what isto follow, : 

-§ 3, Atdifferent Ages this Humour is of 
differ ent Confiftencies, In Children newly 
born, it is very foft, and equally fo over all. 
Petit fays, that in them, as well as. in 
Fetufes, it is like cold: Broth, (Boullie re- 
froidie) Mem, de I Acad, ain. 17305 byt it 
aay firmer | gradually as they advance in 

‘ears, but moft fo in its Middle towards the 
Contre, where, in time, it becomes firm like 
puet ; and tho’ it continues {till to’ increafe in 
Firmnefs, this Inequality in its outward and in- 
ward Parts ftill continues, excepting. in old 
Age, when it has is ih its septal F Saran 

an 


1 
7 
‘ , 7 t 
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and then this Firmneds is feactiniss! equal» 
over all. 

§o 4 The human Cryftalline is always 
: faite than. in: Birds, Quadsupeds! and Fithes, 
-all-of which have it more arid more firm, in 
the Order. they are: named. Jn) Fith, the 


central Part-is almoft as hard as Horn; and, .— 


on the contrary, its external! Part is fofter than 
in other Creatures, and is like a Mucilage; 
fo that it appears like a:double Cryftalline, the 
one very {malk and’ folid- in the; Centre: of 
the other, which is larger, but of a fubftance 
- much les firm-and. folids 
This little Cryftalline, which is asbit were 
a Nucleus or Kernel to the other, in. whofe 
Centre it is placed, is mever found wanting im 
the Eyesiof Fithes;. which fhows that it is | 
not the Effect of blind: Fate; but to’ ‘anfwer 
fome wife and-neceflary Purpofe 5 ; as fhallbe 
explainediafterwards. 3 7 
§ 5.:I have faid, that this Hodnune has 
no Colour, being clear and tranfparent like 
Water: But, abont the twenty-fifth or thirtieth 
Year of our Age, it begins to become a little 
yellow towards “the Centre, which Yellownefs 
grows gradually deeper and deeper, and ex- 
tents more and more towards the Surface, in 
fo much that Dr. Perit found, that the 
Cryftallines of a Man of 81 Years: old, 
refembled | 
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refembled-two Pieces of beautiful yellow’ Am- 
ber (Mem. de? Acad. ann. 1730.) ~ 

©'This Yellownefs ‘wherewith’ the: Cryftalline 
is more and more tinged as we advance in 
Years, muft make all Objects appear more> 
and more tinged. with: that. Colour: .Nor does 
our sbeing infenfible ‘of - any Change in the 
Colour: of Objects, prove to us, that their 
Colour continues the fame; for that-we may 
be fenfible of. this Change of Colour, the 
Tinéture- muft not only be confiderable, 
but sitc muft happen on. a fudden;  as* has 
been already fhewn at fome Length’ inthe ge+ 
neral Idea I have given of the Eye: 

)§' 6.0 The Figure of | the a is & 
different in different Animals. — 

In Animals that live conftantly in oA, as 
Man, Quadrupeds, and the greateft Part ‘of 
the Bird-kind, it is always. lenticular; © but 
in Fithes, that refide conftantly in Water, 
its Figure is that of a Sphere or Globe; and 
in thofe Creatures that. are fometimes in Air; 
and other times in Water, and who have 
therefore ‘occafion to fee in both, as the 
Sea-Calf,; Cormorant, &. this Humour has 
a middle Figure, betwixt that of a Lens and, 
a Globe. 

Thefe different Figures are not the Effect 
of Chance, but of Skill and Defign, and are 
the very-beft that could have been contrived 

for 
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for perfecting the “Sight of thefe. An 
mals, being» exactly fitted to their feveral 
Circumftances. and Occations, as’ fhall be 
- dhewn. afterwards. 

- § 7. TD have. obfer ved serie that the 
- Cryftalline Lens is more convex behind than 
before ; the Diameter: of the Sphere, of which 
its anterior Segment: is a Part, being from 
6 to 12. Lines, but moft commonly about 
7+ or 8 Lines, according to Mr. Perit’s 
Obfervations; whereas the Diameter of the 
Sphere, of. which its Pofterior Segment is a 
Part, is commonly only about 5 or 6 Lines. 
The. fame Author makes the Diameter. or 
Breadth of this Lens about 4 Lines, or 4.4, and 
its Axis or Thicknefs 2 Lines. But thofe 
Meafures, like the Meafures of the other Parts 
of the ‘Eye,’ differ confiderably in different 
Perfons, and even in: the fame Perfon at dif- 
ferent Times of Life; and as it is fcarce pof- 
fible to meafure the Cryftalline and the. other 
Parts of the Eye with that Exactnefs. that 
_ may be.-depended’ on, all nice Calculations 
founded: upon fuch Meafures, muft be fal- 
lacious and uncertain, and therefore fhould, 
for the anoft part, be looked on,’ rather as 
Mluftrations, than ftrick Demonftr ations of 
_ the Points in-queftion. 

§ 8. It has. been . senierally thought by 
ipaatomitts that. all the Humours of the 
Kye 
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Eye are of different Denfities, and that the 
Cryftalline is much more denfe than either of 
the other two. Dr. -Briccs fays, that the 
Cryftalline is three times denfer than the 
‘Vitreous, and that the Vitreous is three times 
denfer than the Aqueous. But the learned 
Dr. RozerTson has informed us, that, 
upon weighing thefe Humours in a hydrofta- — 
tical Balance, he found, that the fpecific:Gra- 
vities of the aqueous and vitreous Humoutis 
were vety nearly equal, and each much the 
fame with that of Water; and that the 
{pecific Gravity of the Cryftalline’ did not 
exceed the fpecific: Gravity of the others in 
a greater proportion ‘than that of about 11 
to 10; for the mean -fpecific Gravities of 
_ five cryftalline Humours/of Oxen’s Eyes, and — 
of three cryftallme Humours of Sheep’s Eyes, — 
were 11134 and 11033, the fpecific. Gravity 
_of Water being 10000, and the Mean of thefe 
Means is 11083; which may therefore be 
prefumed to be the fpecific Weight of the — 
human Cryftalline, and, of confequence, is to — 
that of the other Humours, ‘nearly as rr 
to 10. be OTRORG 
- § 9. Whence it follows, ‘that the Cryftal- 
line is not of fuch great Ufe in bringing the 
Rays together, and thereby forming on the 
Retina the Pictures of outward. Objects, as it 
was commonly thought’ to ‘be ‘by optical 
| Bc Writers; — 


Y 
‘ 
a 
f 
° * 
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Writers; for tho’ in Shape it refembles a 
double corivex Lens, and on that account is 
fitted to make the Rays converge; yet, for 
as much as it is fituated between two Humours, 
which are nearly of the fame Denfity with 
itfelf, it can-have but little Force on the Par- 
ticles of Light; for they are found by Ex- 
perience. to be refracted very little in pafling 
out of one Medium into another, when the 
Difference in the Denfities of the Mediums is but 
{mall. . From this we may fee the Reafon 
why the Sight continues after the Operation 
of the Cataraét, in which the Cryftalline 
is deprefled. or extracted, and why a convex 
Glafs is fufficient to fupply the little Refraction 
that is wanting in the Eye, from the want of 
this Humour. oes 
. § 10.. We may from this alfo fee, how the 
Sight may be recovered again, after that. all 
‘the Humours, the Cry{talline and Vitreous, as 
well as the Aqueous, have been exprefled by a 
Wound made in the Cornea; for, if thefe 
Humours can be expreffed without hurting 
the Retina, or immediate Organ of Sight, 
Nature cures the Wound, and again reftores 
the aqueous Humour, fo as to fill the whole 
Globe, and reftore the Eye to its former Turgen- 
cy; by which means the Light will be as much 
_ refracted as in an Eyethat has had the Cryftalline 
deprefled in the Operation of the Cataract ; and 
Vou. I. Gg confequently 


‘Nes 
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confeatienths the ES € mutt’ avait “reeover’ its 
Sigiiyooos tei ye mB. NO" 109 2.GuOD 
Spx Geefée afd -Hetis’ ie thu’ recover their 
» Sight ‘after ‘that all the Humonits ‘have- been’ 
fused” out bya), , Wound, in ‘thé Cornel, 4s 
manifelt, from the | Experiments of Bo RRNUS: 
atid- SER TS VERT OS formerly’ mentioned 3 “and 
the fame"T hing is alfo confitmedby the Tain 
ed RfrexRINGIUS “for, in his Spicelegitem 
Anvatooniéim (Obfero." Ui ‘he tells! 3; Vehate 
without any AmiRance* from ‘Bt RRHUS, or 
any Body elfe, ‘he of hinifelf{ Wad atdaft; aftet 
many frtitle®’ Experitients, fallénon a Way 
of ‘réeftering: the Sight of any Animal) after that. 
the whole: Haniorrs had: been Fauieesed out of 
the Bye’ bya Wouhd nade in the Cifiea $! and’ - 
adds, that, for Trial’s fake, he had’ tépeated: 
the Experirient’ three’ tifies Ticcelively On the 
fathe Dog?’ and chad.as ofter eured him, and: 
reftored- his’ Sight.°/ “He ‘itideed 2 attribtites * the 
Cure to” Bis’ Medidinesc whieh! the -thietéfore’ 
chutes to eenceal- ‘and uly télls?us," ‘that it is. 
neither’ made- of Celendihe;nor- of thé Vitriol- 
of Mars, ‘and that’ Hethad nd Hint of ‘it’ from: 
Burravs, or any Body: elfey butthat it! was: 
intirely is own Difcoyery.” Bat this: Mediciite* 
does not ‘appear: to’ have had fo déep'a Share’ 
in the Cure ‘as’ KEIR KRINGIUS ‘imagined 5? 
for, as “has-been before’ obferved;- "ScrIveE-. 
RIUS perforried-the-like Curempéen a’ ‘Goofe, a- 


Yaa OIL BS WV ‘e ‘Cock, 
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Cock,, a a,Hen, . without, the .Affiftance of 
any Medicine whatever ; andif the fame ‘Thing 
does: not . -happen to. Man; this mutt. proceed 
from the; Hurt done to.the Eye itfelf,, and efpe- 
cially to the Retina, and not, from, the Want of 


tae o> > 


‘Accumulation. of. rion a nae Aapeves, ior 


| Men. do not recover: of: Hurts fo eafily, and ful2 


ly. as, other;-Creatures. doz» if they.did, they 
might alfo recoyer.their Sight after ‘havi ing doft 
the whole Humours, of the! Eve; x for thea aque- 
ous Humour,. by being accumulated, ‘could. in 
them fupply. the Waitt. of, ‘dhele. Humonts,, as 
well; as In. other. Greatures. . i) ton eas! 
$11... Go.what has been aad: conceming sha 


~ fall Degree; of Denfity. and Apecifie Weight of 


the Crystalline. above... that; ‘of the, other: Hue 
mours, it may be obietted,, that ManrRre- 
JEAN. found, that this Humour. didnot only 
defcend to the Bottom of. Water as quickly 
as a Stone, but likewife defcended in--like 


‘Mannerywhen thrown sinto Aqua; Fortis. and 


Spitit of Vitriol ; ;, from which. he)concludes, 


that itis a wery denfeand 1 isda poay tideles 


de I’ Ocil, cap. xi. hh 

But it would appear, from a Mr, Pas: 12; 
has obferyed, -(Mem.. de.P?Acad. ann. 07 30); | 
that" Marrre-JEan’ s Experiments..vere. not 
performed. with, fufficient.Accuracy; for tho’ 


EP RETIT obferved, that the, Cryflalline, of -aix 


=" 


. : } | Ox 


a. 
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Ox fell immediately to the Bottom of Spirit of 
Vitriol, yet the human Cryftalline floated in it, 
and did not defcend till next Day that its fpeci- 
‘fic Weight was fufficiently increafed by the 
Action of the acid Spirit: He likewife found, 
that the Cryftallines both of Men and Oxen 
floated, not only in plane Spirit of Nitre and 
Spirit of Salt, but alfo in dulcified Spirit of 
Salt, and in Spirit of Nitre mixed with an equal 
Quantity of common Water, tho” in this Mix- 
ture they afterwards fell to the Bottom, by 
having their fpecific Weight increafed: That 
of an Ox, in an hour and a Half, but that of 
‘a Man, not till next day. And this, without 
further Reafoning, I think fufficient to vindi- 
cate Dr, RoBERTSON’s accurate Experiments, 
in which no lefs than eight Cryftallines were | 
weighed in a hydroftatical Balance, from 
any Sufpicion of Miftake that may arife 
from what has been noticed from Ma1TrRe- 
EAN. | 

} § r2. It is remarkable, that this Lens has 
no vifible Attachment or Communication with 
any Part of the Body, but is keptin its Place by 
Means of its Membrane or Captule, with which | 
' neverthelefS it has not the leaft Connection. 
This Capfule has always a little Water init; in 
fome- Creatures more, in others lef, which 
ferves to nourifh the Cryftalline, to preferve its 
Tranfparency, and’ keep it from adhering to 

Its 
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its Capfule ; whence this Humour drops out of 
itfelf fo foon as its Capfule is opened, as has 
been obferved by Marrre-Jean, Dr. Pe- 
_ FT, and others; who therefore feruple not to 
affirm, that, of all the Parts of our Body, 
the Cryftalline is the only one that has no 
Continuity or Connection with the Parts adja- 
cent, by any Fibre, Blood-veflel or Nerve. 
And, indeed, was there any fuch Connection, 
it could not fail being obferved, efpecially in 
large Animals, fuch as Horfes and large Fith- 
-es; for the larger the Animal is, there is, 
generally fpeaking, the more of this watry 
Humour : furrounding the Cryftalline; by | 
means of which this ‘Connedtion would be the 
more eafily difcovered. Its Quantity, in the 
Eye of a Man, is indeed but {mall ; it does not 
commonly much exceed Half a Grain. But 
in the Eye of a Bull-dog, it weighs one Grain 
and a Half; in Sheep, two Grains; in Oxen, 
four Grains ; and in Horfes, no lefs than twelve 
Grains; as Perit has ‘obferved (Mem. de. 
P Acad. ‘ann. 1730); and yet no Connection 
has ever been found in any Animal, not even 
in Oxen, Horfes, and large Fifhes, where fo 
much of this Liquor isfound. | 
If there were any Veflels which patted from 
the Capfule to the Cryftalline, Ruyscn’s 
fubtile InjeCtions muft have difcovered them. 
But we find he could never go further than the 
Capfule, and that only by pufhing forward the 
Blced 


¢ 
; 4 
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‘Blood. in_ its Vellels by :the,ceraceous, ‘Matter, 
- from which. they: became confpicuous; tho’ the 
ceraceons Matter itfelf could never be made to 
enter them, . (RuyscH»,The/aur., Auat, de 


?. 37): Dr..PeTiT alfo made, Injections, inte : | 


the Eyes, and afterwards diflected them with 
the greateft.Care; .but-he. could, never, by this 
or any other, Method, find.,the fmalleft Com- 
munication or Connexion | betwixt the Capfule 
and the. Cryftalline in.any Animal, tho’ he 
was at great Pains to difcover it; he therefore i is 
very pofitive that there ismo fuch Thing, (Mem, 
de P Acad. ann. 1730 ©) And. it .is) incumbent 
ore fuch Conneétion, or r Attachment, ) at, leatt 
in fome one Creature or-other, before . that 
they can expect we should believe them... I 
know, that Hovius pretends | to fhew,-us, in his 
Figures, the injected Veflels of the, Cryftalline; 
but, by a critical Examination of what he fays 
on, that. Head, it appearsthat. thefe .Veffels 
do not belong to the Cryftalline, but. are 


either. the. Veffels of . the Capfule, on ima- 


ginary ones. 

§ 13.-As.to: what concerns. the Ufe of this 
Capfule, it is three-fold : 

_, Uff By being attached to the vitreous Hu- 
mour, it. keeps | the Cryftalline fixed in its 
Place.; -whence it. is, ; that when this. Mem- 
brane is torn by a Stroak on the Eye, as fome- 
times happens, the Parttalling drops out of its 
Capes 


ot wl 


{ 
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Capfitlé; and ‘applies itfelf to the potterior Part 
of the Uvea, where it does. not remain long 


Without Becoming opaque, by being: foked in 


the aqueops Humour; for'the aqueous ‘Humour 
differs’ from’ the cryftalline ‘Liquor ‘eontain- 
ed ‘ih the? Capfule, ‘ and ‘has’a “fimilar’’ Effect 
to that “of commen’ Water, “in! which; (if a 
Ctyftalline be fteéped, ‘it: oon fwells‘by imbi-’ 
bing ‘the Water which? diftanges ‘its ‘Subltanée, 
and retiders, it opa PUP RE RET ET GE 

‘2dly) This’ Civile 8 fipatate ane ty ftalline! 
from" the: aqueous ‘Huntour,’ and @f'confe- 
quence preferves its Tranfpareticy’s ; whith would 


foon be. ‘Udftroyed, had ‘the’ adjricotis * “Humor” 


a free ‘ActefS to it. 


3dly, «By its Veflels it furnifhes° ata apf 
line Liquor which is fent into its Cavity, for 
nourifhing the Cryftalline, and for moiftening 


itand.preferving its Tranfparency.. 
That the Cryitalline has a kind of vegeta- 


tive Life, and draws Nounrifhment from this 


Liquor, js evident; from ‘its having no Com- 
munication or Connection. with. any of the 
neighbouring Parts, from: which it can derive 
any Nourifhment ; and that this Liquor keeps 
it moift'and tranfparent, is evident from its be= 
coming dry, hard and-opaque, when this Li- 
‘hom isi Wanting. ~ Thissis an Accident» that 
ometimes happens in-confequence of a violent. 
oegtegame in the inward: Parts of the Eye,, 

whereby 
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whereby the Veflels of the Ciliary Circle. are 
deftroyed; for fince thefe Veffels furnifh not. 
only the aqueous Humour, but alfo the Liquor 
contained, in. the Capfule of the; Cryftalline, — 
the Cryftalline, for Want of this Liquor to 
moiften. and nourifh it, becomes, dry, hard 
and opaque, much as when it is taken out of 
the Eye and. dried; and for the fame Reafon, 
it alfo adheres to its Capfule. And if, at the 
fame time, the aqueous Humour is not fu 

plied in. proportion as.it is abforbed and diffi 
pated, the Membranes of the Eye will contract, 
and the Cryftalline will be puthed, forwards, 
where the Refiftance is leaft, fo as to reft upon. 
the Uvea, to which it foon becomes adherent, 
as Experience fhews. ere 


ede Mo hala a 


Of the Vitreous Humours. 


SECT. 1. HE vitreous Humour is of a 
middle Confiftence » betwixt 
that of the aqueous and cryitalline Humours. 
It hath a great Refemblance to thé White of 
an Egg, but is more tranfparent and fomewhat 
thicker. 
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jamelh upon. nee ‘F ore- opr behind tha ch aE 
guentysn Ciliares thefe laments are all along 
adherent to its Membrane: Some Anatomifts 
have miftaken and defcribed them for the Li- 
gamentum, Ciliare itfelf. 

§ asi] ablerved before, that, in the Middle 
of its For e-part, there is a fmall Dimple « or,Con- 
cayity, in. which the whole pofterior, Convexi- 
ty of the Cryftalline is, received : The ‘Keft of 
its Fore-part round this Concayity 1 forms a 
convex, Amulus or Ring, in crofling which 
the Fibres. of the Ligamentum, Ciliare. are: in- 
flected, and form an Arch, as they, proceed 
from their, Origin in the Ciliary Circle to their 
Infertion in the Edge of the Cryftalline ; ; for, 
as thefe Fibres are “Contiguous . to the vitreous 
Humour in.their whole Courfe, they muft ne- 
ceflarily form an Arch fimilar to that of the 
Animdus of the vitreous Eiumour over, which 
they pa&. ... a, | 

MOLabls Srsido Halk icy By 
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‘By this Difpofition the ciliary Ligament is 
excellently fitted’ -for- changing the Situation 
~ of the’ Ctyftalline, and removing it to\a greater 
Diftance: from: the Retina, when we loox at 
near Objects ; for; when it contracts, it will 
not only draw the Cryftalline forewards, but, 
by compreffing the Amulus of the vitreous 
Humour lying - behind it, it will. make this 
Humour sife in the ‘Middle behind the Cryftal- 
line;~ by ‘which the Cryftalline will be pufhed 
forewards: farther from the Retina. But this 

‘will fall ‘to be explained hereafter, in treating 
of the Change made in our Eyes for enabling 
us .to fee. at different Diftances;- to which 
therefore, ‘to avoid epetitions, “t Tt muft refer 
the: Reader. 

§ 3) ~The' vitreous’ Humour, as “well as the 
Cryftalline, feems ‘to ‘confift of  folid Parts, 
which’ contain “an Humour much. like the 
aqueous Humour: But, they are fo delicate 
and ‘tranfparent, that it is impoflible to diftin- 
guifh them from the Humour they contain ; 
and therefore it is neceffary that fome Experi- 
ments be made for demonftrating their Exift- 
ance, and for énabling us to Torri fome 
probable Opinion with “regard to their Dif 
pofition. 

Exper. I. Take the vitreous Fronibti of 
any Animal newly killed, and having laid it 
upon a Plate, you fhall obferve that it-takes 


ey 


( 
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a round flat Figure, and. fy eats out from. its 


whole Surface a thin clear Serum, mach like 


the aqueous Humour, in fo. much that, what- 
eyer Part of this Humour yon fhall touch with 
your Finger,. you: fhall always. find it wetted 
with this Serum. As the Difcharge. of : this 
Serum is very flow, this. Humour continues ai 


ww ade A Aa we, 


long while without being, fenfibly. diminifhed ; 


but, if it be pierced with a Pin, or.the Point 


of a Scalpel, in feveral Places, the. Sera will 
run out more abundantly, and_ the Humour 


will appear more diminifhed where the Open- 


ings are made, than; at, fome Diftance from 
them ;. and if,the Perforations are made pretty 
large, and in-fufficient Number, the’ Humour 
will foon be evacuated of . the greateft Part of 
the Serim it cqntained, and will proportionabl y 
diminith.i in Bulk, j 

EXPeER. i Take oes i thofe Humours; 


and prefs it betwixt your Fingers, and you . 


fhall be very fenfible. of . fomething. which 


breaks within; which’ can, be nothing but. 


fome of its folid Fibres; and if you pierce it in 
feveral Places, as bi bts and continue to prefs it 
gently, the Serum therein. contained will be 
more abundantly exprefled, and what remains 
will be more folid and firm, 

Exper. III. Takeathird vitreous Humour, 
and throw it into Water almoft. boiling, and 
you fhall obferve, that, as it warms, it dimi- 

nifhes 


ch 
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nifhes ih. Bulk, becomes round, and fomewhat 
more. folid: and if vad make the ‘Water: boil, 
it will till Sinithifh § tore and more in Bulk, 
and become moré br gh folid, till preter 


ving its Rovhdnefs, till at laft it be rio bigger . 


than a fmall Pea, but exceeding folid | 
. From thefe Experimeats, at ‘Wehis 
feafonable to' conclude : | 
‘Lf. That the Membrane coveriiiy thé vitre- 
Sus Humour is porous im all its Parts; for, 
vere it not porous, it would not allow the 
wathy Serum to feat thro” it, ‘when thie 
vitreous. Humour Is laid upon a Plate, nor 
would this Humour -diminith fo page in 
Bulk when. boiled in Water; for this imi= 
notion, made in its Bulk by boiling, muft 
proceed from the Expulfion of ‘this watry 
Serum; which therefore muft. find a Paflage 
thro’ the Pores of this Membrane,’ ” : 
ody, That. the vitreous Humour, bends i ifs 


membranous Coveri ing, has other. Membranes 


or membranous. Fibres, which ‘enter its ‘Com: 
pofition, and which, it is probable, are“Pro- 


duétions of its tuembranous Covering, or at - 


leaft are attached to it: Whence it’ is, that 
this Humour becomes round and hard, when 
its Fibres are made ‘to contd. by ‘the 
Bolling-water, and that, When. it -4s prefled 
by the Fi ingers, fomething is ft to break 
within. 


3dly, . 


voy 
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') 4dly ‘THat thefe Méfiibraiies Ot thembranous 


Fibres: ought to form 4 Number ‘of little 
Celliilési*which  contaiit’ the “watry “Sern ; 


for, were this Serim’ contained only in’ the 
Thtettices betwixt, the Fibres, without. any 


cellilar Work, it Would prefently fifi out, tipo 
Rak the Mempbrané ‘covering the vitreous 


- -4thly, and lafly, That thefe Cdlliiles commu- 
nicaté’ with One ‘Ahothe? by fiall Holes or 


Canals like ‘the “‘Ménbrania Adipola ; whence 


it is, “that when the’ mémbranets ‘Covering of 
this Hurhour is pierced, thee Cellwles empty 
themfelves’ fucceflively, » and that the watiry 


Seram ving out. ‘wore ‘Abundahity’ when ’ this 


Fumout fs gently ueezed. 0) 
~ Frome what. hath “been Paid? Tehink it is 


jnore tha" probable; ‘that this’ Part’ 4s not a 
congealed Humour, “as the greateft Part of 
Authors have taught, but that it’ ts compofed 
of Solids and Fluids, like the thé ‘Parts ‘6f 
our Body, and is nourifhed by its own proper 
Veffels; of which Ruyscu, in a Whale, has 


-obferved.-feveral-Branches- {fpread—apon_ its 


Tunicle, as well as upon the Tunicle of the 
Cryftalline, © ga 

§ 5. Dr. Briaes fays, that this Humour is 
about three ‘times ‘denfer than ‘the’ Aqueous: 
In which he. is greatly miftaken;. for, if it is 
thrown into Water, it floats ‘therein ‘much like 
s* Revi Soret ens i Wax, 


. ’ 
a) 


246 Of. the Vitreous Humour. Book If. 


Wax, and therefore cannot differ much: from 
the aqueous), Humour , in, Denfity... And this 
is confirmed by the more accurate Experiments 
of Dr..RopERTSON, who, having weighed 
the Humours of the Eye in a hydroftatical 


Balance, found, that.,the {pecific Gravities of . 


the aqueous and vitreous Humours were very — 


nearly equal, “and each much the fame with 
that of, Water; as has: been before noticed. 

-And this is further confirmed by the accurate 
Mr. HauxsBeE, who; in his Phyfico-mecha- 
nical Experiments, has. given us a, Table of 
the fpecific Gravities, Angles of Obferyation, 
and Ratio’s.of Refraction of, feveral Fluids, 

by which. it. appears, that the Angle of Obfer- 
vation and the Ratio of Refraction, nthe: vitre= 


ous Humour of an Oxe’s Eye, are the fame as ~ 


in Water; whence their Denfities mutt alfo be 
equal; for, . ceteris paribus, the » refractive 
Power of Bodies is as their Deniitics 5 _as has 
been before obferved. hh a 


CORA Poodles 


Of the’ Ligamentum Ciliare. 


HE lait Thing to be confidered i in ‘the 
Structure of our Eyes is the Ligamentum 
‘Ciliare. But having, in the preceeding 
3 _ Chapter, 
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Chapter, had occafion to take’ Notice of the 
Arch which it forms in pafling over the convex 
Annulus of the’ vitreous Huniour, I have 
~ nothing” further I need to remark, ‘but »what 
has been ‘before obferved in the general Idea 
of the Eye, which I! fhall not now’ repeat, 
but fhall rather take notice of another 
remarkable Part, the Marfupium Nigrum, 
‘which is peculiar to Birds, and is never. to be 
found i in other animals. Ma 


CH A'P: XIV. 


of? he tis rpiei Niorum, £3 Black b Pull 
gine to Birds. 


SECT. 1, eR HIS Part, which j is | esate} to 
Birds, and never to be found 

in said Animals, takes its name from its Form, 
being nothing but a Membrane in Form of a 
Parke é, which arifes from the’ Entry of the 
optic’ Nerve, and ‘paffes thro’ ‘the’ vitreous 
Humour to its Infertion in that Part of the 
Edge of the Cryftalline* which’ is next the 
great Canthus. Thus it is defcribed by the 
French Academifts, ‘and, in particular, by 
Monf. PERRAULT, in his: Mechanique du Ani- 
MAUX § 
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MMAUX $ front “whom - I have. catfed it. £0, be 


copied, at Fig..7. Prats I. which reprefents 
the Half of the Globe. of an, Oftrich’s Eye; 

in which: iA. is the cry{talline Humour, B the 
‘optic Nerve, and C the- black Purfe attached 
above. ta,, fhe Cryttahing, ; ‘and -below to ,the 


optic Nerve. - But, in’ fome Birds, I) have — 


found this. Membrane of a rhomboidal. Figure, 
acreable, to :the .. Account, ) given..of; it) by 
Deru AM, in. his Pbify ico-theology, ‘and. Dr. 
Petit, in the Memoires de l’ Academie Royale, 
ditt. 1720+ 

§ 2. This Membrane is always covered 
with “a” black Pigment, -whiclr “is of amore 
intenfe Colour, than either that of the Uvea, 
or Choroides; yet, if it be cleaned and wath- 
ed, it appears, to. be. compofed - of mufcular 


igileks not unlike the Ligamentum Ciliare ; 3. as 4 


the learned Monf. de Ja Hire long ago 
obferyed... It is remarkable, that, in propartion 


as Birds naturally fly more, high, and DY that 


Means require a more piercing Sight, this Bag 
as always more. black + for. our “domeltic or 


tame Birds, which cither- do not, fly, or. do - 


not fly. high, fuch. as Hens, Geele, ova “have 


this-Part not near fo, blac K, as Eagles, and ; 


bite 


other Bir ds of Prey. . ..:) 
_. Mr. Derxam calls this Membrane. the 
Petten; becanfe of its Refemblance. to a Comb 
in fome Animals ; and | ‘has alfo obferved 

its 


eomees 3, 
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its Structure to be very like that of the Liga- 
mentum Ciliare; and in the Eye of a Magpy, 
_and fome other Birds, which he examined, he 
tells us, he could plainly perceive it to be muf= 
culous towards the Bottom. 
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“of the Nature e and Properties oF Light | 


AVING | confidered the , ‘beautiful 
“Fabric of the Fye, I may. fay,inia 
= ~~ curfory, mot .accurate, | ftrict, Manner; 
which, - confidering the... prodigious, ;Work- 


: manfhip thereof, would. have required «more 
Time ..and_, Pains | than - what Ipcould: at 


prefent eafily beftow ;: 3) and. befides,,-my main 
Defign being to explain the, Manner and chief 
Phenomena of Vition, and to lay a Foundation 


for 


or ot ware SY, | 7 Me he POY s& 
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for underftanding the Nature of the Difeafes 


of the Eye, and the proper Means whereby 
they thay »be cured3*1 thought it fuficient to 
give fuch a general Defcription of this Organ, 
as might in fome Meafure anfwer thofe Ends. 
The next Thing which falls in order to be ex- 

lained, is the Manner of Vifion, and the 
Office of thé feveral Parts of the Eye concern- 
ed therein: But all Vifion being performed by 
means of Light, it is ‘neceflaty that, firft of 
all, I fhould inquire into the Nature and 
Properties of this fubtile Medium, without the 
Knowledge of which no» Body can either 
explain Vifion, or account for its Phenomena, 
or rightly underftand “or remedy the Defects 
thereof, which happen in the Difeafes of the 


hye. PME TSR SA 

YT. Firff, Then, Light is not a Quality, as 
ArIsToT Le, 4nd A great many Philofophers 
have taught, but a real Subftance, confifting 
of material Particles, propagated from the Sun 
and other luminous Bodies. 


€- Migt LAN a Ce a SAT WA ee 
| "Phisdeems'to be evident, from thefe ‘Con- 


as 


fidefations : 18, Like all’ other Bodies, it is 


prowellive, and is not propagated: in an In- 


ftaxit; ‘but fpends ‘about feven or eight Minutes 


of an Hour in paffing’ from the Sun to_the 
Earthy This! was firft obferved: by’ Mr, “Ro- 
meR, Proféffor’ of ‘Aftronomy ‘to. the late 
King of Prange, and then by others, by Means 
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pf the: Ecliples: of - the. Satellites -of: Fupirer 3 
For thefe Eclipfes, when the Earth is between 


J 


SR 


_ the Sun. and. Fupiter, happen about feven or 


eight Minutes’ foonex| than. they ought to do 


Ly en ed 


_ by, the Tablesis. and, when the Earth is beyond 
- the.Sun,. they -happen!.about feven or: eight 


Minutes later than}-they. ought to, ido; the 


a 


 Reafon bemg,) ‘That the Light.of the Satellites 
has. farther, to. 203 inthe. latter Cafe thane in 


of any’. folid Bodyiy.:+ 


the mala bys the Diameter of. a aS 
Orbit. f 


‘aay, It. may, act flop oe refilted’ inits Pa 


face from one Place: to; another,: by: the In- 
terpofitionnof an opaque Body, as other Fluids 
are {Lopt. in, their, oniles ae ithe sd Sate 


3ql\,., Like. all oshiy Padi 
may be.turned, out sof lits ceMilinear Courke, 
may have the Determination of its Motion 


_ changed by.Reflection;or Refraction, and may 


be. congregated withina narrower,. or {catter- 
ed. thro’, ay larger Spaces as-isevident from 
reflecting: . Sheen oath Set scarinn arenes 
Bees I2 “yee 

: 4thly, It adts upon. th @ Organs a Atiimials: nad 
upon all other. Bodies as: other fluid: Sitbfances 
do, by ftriking upon them witha’ determined 
Force, by,communicating a ‘certain Degree of 


. Motion to. ain, by ipacatne their component 


isast i yn Parts 


es. im . Mation, it | 


re 
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Parts, and putting them in ‘Motion: Al thefe 
Effects we daily fee. “°° 4 
| 5thly, The Parts of Light are ane 
with various’ original Colours; fome ate red, — 
others blue; others yellow, and fome green, 
&c..as Newron has dénionftrated, and may 
be feen by a Prifm applied’'to the Hole of a 
darkened Room, thro’ which the Sun “fhines. 
Now, fince Colours are the Qualities’ of Light, 
having its Rays for their-intire and- immedi- 
ate Subject, how can we think thofe- Rays 
Qualities alfo, unlef&S one Quality may be the 
Subject of and: fuftain another, which is in 
effe&t to call'it a Subftance?’ We fhould not 
know Bodies ‘for Subftancés; were it not for 
their fenfible Qualities; and: the principal of 
thofe being now found due to Light, ‘we ‘have 
as good Reafon to believe see to be” a Sub- 

{tance alfo. 
6thly,. and lafily, Tt may be ernie and 
fhut up in determined Spaces, like other Fluids, 
and the Bodies - wherein ‘it is thus confi- 
ned are frequently found to increafe in Weight 
from the Addition of the material Sub{tance 
of which ‘it'confifts. This has been. proved 
by the famous Boye from actual Experi- — 
ments on Silver, Copper, ‘Tin, Lead, Spelter, 
Tron, and other Bodies expofed, both naked 
and clofely {hut up, to Fire; all which were 
conftantly found to receive an Increment of ~ 
Weight 


+ hy oe ae 
7 aA 


ames Pye if shuts 
Chap. 1y, Properties of Light. = > agg 


Weight. (See Boy 1e’s Exper. to.make Fire 
and flame ponderable).. Atter him the fame 
Experiments have been. repeated, by others, 
both of the French. and Engli/h. philofophic 
Societies, with thefameSuccefs. And this holds 
fruec,’not ouly when Bodies ,are. expofed- to 
our common Fires, but likewife.when’ they. are 
expofed to the Sun’s Heat concentred ‘with 
Burning-glaffes, or, with concave Mirrors 
For, as is to be feen in the Memoirs of the 
French Academy, if the Regulus of Antimony, 
be placed at a Due Diftance. from the F CUS: 
either of a concave Speculum, or of Tscut- 
RNHUSE’s Cauftic: Glafs, it emits Vapours) 
copioully ; notwithftanding which, it becomes! 
heavier than before; which mutt proceed, at’ 
leaft in part, from the material Subftance of 
the Light united with that of the, calcined 
Antimony. Nor needs this be thought {tranges 
or wonderful, feeing Newton has fhewed, 
in a Multitude of {triking Inftances, that the’ 
changing of ‘grofs Bodies into Light, and 
Light into grofs Bodies, is very conformable 
to the Courfe of Nature, which feems delight-: 
ed with Tranfmutations, (Optics, Quer. 30.)). 
Now, all the forefaid Properties; are the Pro- 
petties of Bodies, and.can belong to nothing 
but material Subftance; whence we conclude, : 
that Light is a Body. m gates ity.) 
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Particle next’ the Sun. ‘of tumitious Body j feling | 


_ yond an Obftacle which Stops | Part of: the 
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- § 2 Secondl}, "The® “material “Partidles ° of a 
which Light confifts, are emitted fromthe lu- 
minous Bodies themfelves, “by the” “powerful q 
Vibrations of their fmalteft Parts. - 

>For, if, with the Famous oresy you 4 
fiappote that all that Space ‘betwixt ‘ts’dhd'the © 
Sun, and‘othér luminous Bodies is filléd with — 
al ‘Materia Siberlis, and chat ‘Light Contifts in 
the Preffion “er Motion of ‘this Plaid; each — 


or! moving ‘thé next: adjacent ‘One, “Al a ‘that 
again the next,’ ‘and fo'on, ti thofe next. our 
Byes receive allo the fame Preit on 6r,Motion; 
then it would ‘follow, éhidt Light would always . 
bend into the Shadow; and Fie Shade ‘made made 
by the ‘Tnterpofition of arty “opaque “Body, 
betwixt. it and the Juniinous: Body, sould. 
likewife-be ‘illuminated - ‘by the Light, Shih | 
paffing by the Edges of the Ob: tacle, would P 
bend inwards. ‘For Préffion or ‘Motion,cannot. 4 
be propagated “in'a Fiaid in right Lines Dee 


Motion; butavillbend and fptead ever y Way into 
the quiefcent Medivm which ties bevel the Ob- 
ftacle, -Thus-Gravity tends downwards; but 

the Preffuré of Water arifme from, Gravity, { 
tends every way with equal. Force, and is pro- 3 
pagated as readily, and ‘with as ‘much Force 4 
Side-ways, as downwards,.-and thro’ crooked _ 
Ralliges as thro? Streight ones. The Waves — 
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on the Surface of ftagnating Water paffing- 
by the Sidesof a. broad Obftacle which {tops 
Part of then, bend afterwards; and dilate 
themfelves gradually into the quiet Water be- 
hind the Obftacle. The Waves, Pulfes, or 
Vibrations of the Air, wherein founds confift, 
bend manifeftly, the’ not: fo much’ as thie 
Waves of Water; fora Bell, or a Cafition, 
may be heard: beyond a Hilly which intercepts 
the Sight of the founding Body 5. arid Sounds 
are propagated ais) readily thro’ crooked Pipes, 
as thro fireight ones? But Light ‘is. never 
known to follow crooked Paflasés, ‘norte bend 
into the Shadow. | For the fixed Stars, by the 
Interpofition’ of any of the Planets, ceafé to 
be feen, and fo do the Parts of the Sun by the 
‘Tnterpofition.of the Moon, Mercury or Venus, 
-becaufe the Eye is then placed in the Shade 
_madeby thefe interpofed Bodies ; which would. 
“not happen, if Light confifted in Preffion or 
Motion -excited: in the fluid Body of Des 
Carres’s fecond Element, or any other 
Materia fubsilis; and therefore: it muft be’ al- 
lowed, that it confifts of material Particles 
emitted from luminous Bodies by the powerful 
Vibrations of their fmalleft Parts, and pro- 
pagated from thence to us, and all round in 
ftreight! Lines, like Lines drawn from the 
( “Centre of a Globe to the Circumference: 
q Vou. i Kk ee gyi 
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§ 3. A third Property of Light 3 is, that its 4 


Particles are extremely fmall. F or, 


. Firfi, They pafs thro’ all Bodies that are — 
pervious, fuch as Cryftals, Glafles, feveral - 


Gems, and almoft all Fluids, but Mercury; . 


and it freely paffes where no other Fluid, how 
thin foever, can enter; and yet no Eye, how- — 


ever affifted, has been able to difcover or dif 
tinguifh the Parts of the groffeft Fluid. 

. Secondly, If a common Tallow-Candle be 
lighted, and fet by Night on the Top of a 


high Tower, it may be feen all round at the ~ 


Diftance of half a Mile from the Tower : 


Wherefore, there is no Place within a Sphere | 


of a Mile Diameter, in which the Eye can 


be placed, where it will not receive fome Rays - 


of Light from this little Flame. All thofe 


Rays were before concentred in the Flame, 


which, ;as it- is exceeding {mall in refpect of — 


the Sphere that is illuminated, it proves the 


-immenfe Subtility. of the Rays of Light. 
Thirdly, Were not the Particles “of Matter 
compofing, Light exceeding {mall they would 
clafh upon one another, where the Rays crofs, 
and mutually oppofe each other, in their pro- 
ereffive Motion. But this never happens; for 


we find, that innumerable different Spheres of — 


Light within our Horizon may be propagated 
from their feveral luminous Centres without in- 
terfering. How many Millions of Candles 

and 
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and Flambeaux may we fee fending out their 
_ Tides of Light without clathing upon one.an- 
other? Which argues both the Smallnefs of | 
the Parts of Light, and the Largenefs of the 
_ void Interftices between the Particles of Air 
_ and other Bodies tranfmitting it. If a very {mall 
Hole be made in the Window-fhut of a dark 
Chamber, wherein no Light enters but by the 
 fmall Hole; and if without the Chamber be 


fet innumerable luminous Objeécts of about 


the fame Height with the Hole, and at an or 


dinary Diftance from it, the Light proceeding 
from every one of thofe Objects will be pro- 
pagated thro” this {mall Hole without interfe- 
ting. This will appear, by applying a dark 
Object within the Chamber directly eppofite to 
the Hole; for the Light of all thefe luminous . 
Bodies without the Chamber, will, thro’ the 
Hole, be received upon the dark Body the 
fame Way, as if there had: been only on 
luminous Body. Now, it is impofflible thal 


fo many different Streams of Light could be 


tranfmitted thro’ fo fmali a Hole, were not 
the Particles of Light extremely fmall. In 
like manner, if a fimall Hole be made with 


fourth Part of the Heavens, togetlier with all 


Needle in a Paper, a Spectator lying on his 
Back, and looking thro’ this Hole, may fee 
all the Objects in the celeftial Hemifphere ; 
and when he ftands upright, he may fee a 


the 
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the Bodies that are before him ontheGround; 
fo that an innumerable Quantity of Rays, either 
emitted or reflected from Objects, pals thro’ 
this Hole, without interfering or difturbing — 
one another’s Motions; w hich fhews the’ ex- 4 
treme Subtility. of Light, fuch as is not eafy 
to be comprehended by the utmoft Streatch of 
the human Mind. : 
Fourthly, Were not the Particles of Light ex- 
tremely {mall, being extremely fwift, (7. e. more 
than a Million and: a half of times fwifter than — 
a Cannon-bullet continuing in its greateft Ve- 
locity, (as fhall be prefently thown) they would 
have a vaft Force, and thereby would pierce — 
all Kinds of folid Bodies with almoft as great 
Facility as they do Vacuities ; whereas, we fee _ 
Light regularly reflected from fome Bodies, 
§ 4. Fourzhly, Another thing remarkable — 
in Light, is the Swiftnefs of its Motion. : 
How extremely fwift the Particles of Light — 
are, we may gather from the forementioned : 
Experiment of Mr. Romer, whereby he de- — 
-- monftrates that the Streams of Light pafs | 


a oy 


from the Sun to our Earth in about eight 
Ainutes, and, according to the Obfervations — 
of Mersennus, a Bullet fhot out of a great 
Gun flies 92 Fathoms in a fecond of Time, — 
(Vid. Merfen. Ballift.) which. is equalto 589 % 
Feet Englifh; and, according, tothe Compu- 

fation of Mr. Hoycens, in his Cofmotheoros, it 
| would 
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would be*25 Years m, pafling from the Earth 
to the Sun. . Now, the Via percw ‘fa being the 
fame. in both, the Velocities will be reciprocally 
as the Fimes, 7, e. the Velocity of Light will 
be to-that of a Canfion-bullet perfifting in. its 
ereateft SwiftnelS, as 291Years isto.8 Minutes, 
or as 1,642500 to 1; fo that the Velocity with 
which the Particles of Light’ pafs, will bemore 
than a) Million: and ‘a half of ‘times. fwifter 
than a. €annon-bullet. > Moreover; the Di- 
ftance:betwixt the Sua and us, accérding to 
the moft accurate Obfervations ofthe lateft 
Aftronomers,, being 70 Millions of Miles, the 
Ligh®:muft run at leaft 914.5833) Miles ima 


fecond of ‘Time. -But: Sound. goes but 1142 


Feet in a fecond; and there being s000F eet 
in a Mile, the. Velocity of. Light » wilk exceed 
the Velocity of Sound in -the propdéttion of 
about 647342 torr; ‘This is:a prodigious: and 
almoft an. incredible: Velocity; but the extraor- 
dinary Effects of Light and Heat feem-to require 
it all: We fee how powerfully it acts,.. (being 


congregated) upon: the moft compact folid 


Bodies, and: we neven perceive any Diminution 
of its Force: from: which we: can. futpedt any 
Abatement of its Velocity. 


§ 5. Ai Fifth Property of: Light. is, its Re-, 


flexibility, on its. Difpofition tobe turned»back 
into the fame Mediumby any: other Medium 
pean whofe: Surfaceit falls, Amd inthis it ob- 


ferves 
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ferves the fame Law that other Bodies do in 
their Reflections, viz. the Angle of Reflection 
is always equal to the Angle of Incidence. 

. The Truth of this is eftablifhed by Multi- 
tudes of Experiments: »The following one is 
very eafy.—Into a very dark Chamber, thro’ a 
{mall Hole made in the ‘Window-fhut, let a 
Beam of the Sun’s Light pafs; and, upon the 
Floor where this Beam falls, place a Looking- 
glafs; then fillthe Room with Duft, or Smoak, 
by which means the Beam will become very 
vifible in its whole Courfe, and you -fhall ob- 
ferve, that this Beam fhall be reflected back 
into the Air by the Looking-glafs; and that 
the Angleof Reflection is equal to the Angle 
of Incidence. 

ILLUSTRATION. Let B (Fig. 8.Prate I. ) 
be the Hole in the Window-fhut; ABC the 
Beam of the Sun’s Light falling on the Look- 
ing-glafs GCF at C. This Beam fhall, after 
its Incidence at C, be reflected back in the 
p Linei CD, 

From the Looking-glafs at the Point of In- 
ccidence C, raife. the Perpendicular CE; the 
Angle ACE, which the incident Beam AC 
makes with the Perpendicular CE, is the Angle 
of Incidence; and the Angle DCE, which 
the reflected Beam CD makes with the fame 
Perpendicular CE, is the Angle of Reflection. 
As thefe Angles, upon meafuring them, 

are 
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are always found equal, with whatever Obs 
liquity the Rays fall upon the Looking-glafs 
or any other polifhed reflecting Body. 
‘There are many other ways of meafuring the 
Angles of Incidence and Reflection; by alt 
which they aré conftantly found equal. We 
have here made clroice of this Way as the 
moft eafy; our Defign being not to'give a 

Syftem of Optics, but to explain, in the moft 
fimple Manner, fuch of the fundamental Pro- 
perties of Light as may be of Ufe to under- 
{tand what followeth. The following Method 
is .alfo very fimple, and eiees to be pra- 
_ ctifed. 

_. Upon the Tioalkin pe ctalk DE Bae if. 
Fig. 9.) place a femicircular Plane FIG,: fo 
as its Centre may be in B, and its Surface 
may be perpendicular to the Looking-glafs : 
This done, from the Centre B raife the Per- 
pendicular BI, and make the Arch IC equal. | 
toIA. InC, or any other Point of the Line | 
BC produced, place a {mall Object; and in 
A, or any other Point of the Line BA pro- 
duced, place the Eye; the Obje& fhall be 
feen by the Ray BA reflected by the Looking- 
glafs at B; becaufethe Angle of Incidence CBI 
is equal to ‘the Angle of RefleG@ion ABI. But 
if the Point of the Looking-glafs B be 
covered, the Eye at A will no more fee the 

| pc ect at C; becaufe none of the Rays which 
| come 
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come thereftom. can, by thé other: Parts «of 


the Looking-glafs, . be: reflected toithe Eye 
fg 


§ 6. This Reflexibility of Light is isa aThing , 


- that muft have. been pretty well known to 


many of the Antients; for tho’ they had: but 
little. Knowledge of Dioptrics, yet:no one 
denies them the Knowledge of :Catoptrics, 
which they . cultivated.long. before Diop- 


 trics were handled.) Eu crita himfelf wrote 


a Book on the Elements of Optics.and»Catop- — 


trics, which is to be found.in GrEGoRY’s 


Edition of Euclid’s Works, tho’ there are many — 


learned Men who will not allow that Eucrip 
the Geometer was thé: Author. of this: Book, 


becaufe of fome Blunders that are mit; which, 
Evcxitp the Geometer isnot thought to have — 
been capable of) AxcwimeEpeEs allo wrote — 


a Book, as it is faid, de Speculis Uflorets: para- 


bolicis. — But it. has never yet feen the Light.» 


§ 7. Thereis oneThing relating to the Re- 


-) a = 


a 


flection: of Light, which at fittt View feems.to — 
be contrary: to what has been proved of the — 
Angle of Refiection being always equal tothe — 
Angle of Incidence; and that is, thatthere is no ~ 
reflecting Body, how well foever polithed, but, _ 
befides the. Light. which it: reflects regularly, — 
fcatters every way irregularly a. confiderable 


Quantity:of Light; by means of which the 


Surface of the beft polifhed: Looking-glafs, - 


when 
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when illuminated in a dark Room by a Beam 
of the Sun’s Light, let in at a Hole in the 
_ Window, may be eafily {een in all Pofitions of 
- the Eye. 
~ But this does not at all prove, that in any 
Cafe the Angles of Incidence and Reflection 
‘are of different Magnitudes; for, however 
well Bodies may feem polithed, yet their Sur- 
faces are doubtlefs full of Inequalities all over, 
by which means the Rays of Light, by every 
fenfible Point of the Surface, are reflected 
every way; for, in polifhing Glats with Sand, | 
Putty or Tripoli, it is not to be imagined that 
thefe Subftances can, by grating and fretting 
the Gla&, bring all its leaft Particles to an ac- 
-‘eurate Polifh, fo that all their Surfaces fhall 
‘be truly plain and look all the fame Way, fo 
as, together, to compofe one even continv- 
‘ed Surface; the fmaller the Particles of 
‘thofe Subftances are, the {maller will ‘be the 
Scratches by which they continually fret and 
wear away the Glafs, until it be polifhed. 
“But, be they never fo fmall, they can wear 
‘away the GlafS no other ways than by era 
ting and feratching it, and breaking the Pro- 
‘tuberances; and therefore polifh it no other- 
wife than by bringing its Roughnef$ to a very 
fine Grain, fo that the Scratches and Frettings 
-of the Surface become too {mall to be vifible. 
‘Now, the Surfaces of all Bodies, being more 
VoL. I. rae . or 
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or lefs rough or unequal, may be’.conceived 


as made up of an. innumerable ,Quantity of 
{mall Planes, which, in all -fenfible.. Points; 


are directed every way; or they may be 


conceived: as covered with. an.‘innumerable 


Quantity of fmall Hemifpheres, upon which | 


the Light falling, will be reflected every way; 


fo that, the Body will be vifible 1 in all Pofitions © 


of the Eye. 

That this is true, we x it from the Re- 
flection of Light from polithed Surfaces; for the 
better the Polith be, and the fmaller-the Grain 
is with which. they are polifted, the more Light 


will beregularly refle@ted, and the lefs featter ed. 


Hence it is, that a’ well-polifhed Looking- 


elafs fcatters only a very faint Light when. 


illuminated ina-dark Room by a Beam of the 


Sun’s Light, and therefore is but ob{curely feen, 


except when the Eye is placed in the reflected 


Beam, and even from the Surface. of: Bodies 
which are not at all polifhed, the Light. is 


deftroy what has been above proved. of the 


Equality of the Angles of Incidence.and. Re- 
flection, but excellently accounts for. Bodies 


being vifible in all Pofitions of the Eye ; for, 


| hale “Bodies might not.be invifible. in any 


_ Pofition 


mofily reflected that Way that it. would be 
all reflected were it poffible to bring its Sur- 
face to, a perfect and accurate. Polith ; “and 
therefore the fcattered Light does, not at all 
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*Pofition. of the Eye, it-was abfolutely: ne- 
-ceflary that’ their Surfaces fhould be rough 
and unequal, fo that from every vifible Point 
the’ Light might be ‘fcattered ‘every. sway, 
dike Rays drawn fromthe Centre ‘to the ’Cir- 
cumference, and fo might fall. wi aue'e the ‘tie 
in every Pofition’ or Sittiation. S 

» § 8.0 A Sixth Propertyof Light: is - its Re- 
frangibility, or Difpofition to be refracted or 
turned out of its ftreight Courfe, in paffing ob- 
‘liquely out of one tranfparent Medium into 
sanother of different Denfity. > 

© § 9. This Refraction of Light, at the:Sur- 
“faces of tranfparent Bodies, is‘a»Thing that 
owas taken notice of ‘by :the Antients; for 
‘ARISTOTLE has a Problem concerning the 
apparent Curvity’ of an Oar in: Water’ and 
ARCHIMEDES, ‘that famous Geometrician, is 


faid to have written'a: Book about the Ap 


‘pearance of: a Ring or Circle under. Water, in 
‘which no doubt he confidered the: Refraction 
of the Rays, and the Fallacy of Sight thence 
*arifing. >’ But it does not appear, that the Anz 
‘tients made any Progrefs in Dioptrics, or had 


fany Knowledge> of Optic-glaffes; for their 


‘moft learned: and inquifitive Philofophers have 
not the Jeaft Hint of themin their’ Writings ; 
-and doubtlefs, a Contrivance of that univerfal 
Ute, beneficial to all old’ Men, both’ in read- 
ing and’ writing, could never have been fo 
7 concealed, 


as 
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; concealed, as that not the leaft Footfteps — 


thereof fhould remain to Pofterity. The on- 
ly Relief they had for their decayed Sights, 
were certain Collyria or Kye-falves; and, when 
thefe failed them, they were left almoft in the 
dark for minute and near Objects. 

We hear indeed of ihighty Stories of Ar- 
- CHIMEDEs burning the Ships of MaRcELLUS 
at a great Diftance from the Walls of Syracufe. 
But whether the Matter of Fact betrue or falfe 
(as [ am very inclinable to believe it falfe,) 
yet there is no mention of his performing this 
- adthirable Effect by Optic-glafes. Perhaps, 
if there were any fuch thing done at all, it 
was performed by concave Speculums; for no 
body denies the Antients the Knowledge of 
Catoptrics, and ARcuimeEpeEs himfelf is 


faid to have writ a Book de Speculis Uftoriis 


Parabolicis; as has been before obferved. 


-§ ro. And as Optic-glafles were unknown © 


to the Antients, fo they knew not the exact 


Laws of Refraction. -ALHAZEN the Arabian, — 
whowrote a large Volume on Optics, about | 
the Year troo, in which he makes ufe of the — 
mote antient Writers, and efpecially the ten © 


Books of \ProLtomy, which are now loft; 


and after him Virexutio the Polander, who, © 


finding ALHazEN’s Demontftrations very tedi- 
ous and intricate, wrote a2 Book on the fame 


Subject about -7o Yeats thereafter; in which © 


he 
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he indeed borrows a great deal from ALHa- 
ZEN, but is more concife in his Demonftrati- 

ons, which he builds on Principles taken from 
APPOLELONIUS, “TH EoDOSIUS, MENELA- 
us, lHEON, Pappus, and Procius. Both 
thefe Authors being ignorant of the exact 
Laws of Refraction, tell us, that the Angles of 
Incidence and Refration are in a given Ratio; 
and thought they had pretty well proved it by 
Experiments. But this Proportion being found 
etroneous in large Angles, in which the Error 
is mhoft confpicuous, the Moderns began to ex- 
amine the Matter more ftrittly. The learned 
Kepxer, amongthe reft, made feveral Experi- 
ments about it, in his Paralipomend ad ViTEL- 
LIONEM, publifhed inthe Year 1604: But he 
miffed his Aim. Neverthelefs, his Conjectures 
and Attempts became ufeful to others; and, after 
the Jnvention of - Telefcopes, the Subject of 
this Inquiry being thought more valuable than 

before, was further purfued; and WIL E- 
BRODUS SNELLIUS, after many troublefom 
Experiments, was at laft fo lucky as to find 
out the Truth: But ftill he did not thoroughly 
comprehend his own Invention. But of this 
more hereafter. 

§ iz. That Light is turned out of its 
fireight Courfe, in pafling out of one Medium 
into another, is a Thing now fo well known to 
every Body; that I need not wafte much 

Time 
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“Time -to'prove it. It niay ‘be Se gontss from. 
-the following eafy rehihara ores 2 
Take ‘an “empty. Veflel, fuch asa Bafon, 

-and. all along the Diameter of: its Bottom fix 
‘little Marks at a {mall Diftanceofrom one 
“another ; then, thro’’a {mall Hole j in’ the Win- 
idow-fhut ‘of a dark: Chamber, let in a Beam 
-of the Sun’s Light ;> where this Beanrfalls upon 


“the Floor; place your Bafon fo as its marked 


‘Diameter: may point ‘towards the» Window, 
vand asthe Beam of Light may fall’ on the 
Mark that is:moft diftant from the Window. 
This done, fill the Bafon with Water, ~ and 
-you {hall obferve, that the Beam which before 
-fell upon the moft® diftant “Mark, will now, 

‘by the refractive Power of the Water, be turn- 
ed out of its ftreight Courfe, and-fall two, 
three, or more Marks 1 nearer the Centre of the | 
Bafon. 

If: you «make this Water a little: tind! 
but.not/fo much as to’ lofe its ‘Tranfparency, 
which may be eafily done by dropping, into it 
a few Drops’ of Milk, ‘or  diffolving: therein 
fome Grains” of Saccharum Sarum; and if 
you raife fome Duft in the Room; or fill it 
with Smoak, the Beam of Light will become 
very vifible, both inits Pafface thro’. the Air 
‘and the Water, and you fhall: obferve very 
diftintly three. Beams; that of Incidence, 
ai in. i sia: thro’ the Hole inthe don] 
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dow-fhut,’ falls obliquely on the Surface of the 
Water; that. of Reflection from. the’ Surface 


of the Water, making the Angle of Reflection 


equal: to.that of Incidence, ,and; that, of Re- 
fraction, which, tin the Surface.-of ‘the 
Water where — it. ~ bended, moves: in: a 
ftreight Line ie Bottom of the: Bafon. . 
All things remaining the fame, if you place 
a Bit of ‘plain Mirror at ‘the Bottom of 
the Bafon' where the refracted Beam falls, the 
Beam will thereby be refleted back. again 


thro’ the. Water, making the Angle of Re-: 


fletion equal to that of Incidence;,and in 
pafling out.of the Water into the Air, it will 
be again refracted, or turned out of its freight 
Courfe. | 

§ 12.. Having thus fhewn that Light j is re- 
fracted or turned out, of its Way, in pafling 


obliquely, out of one’ tran{parent. Medium into 


another of. different, Denfity, I fhall now in- 
‘quire;into the Laws of Refraction by Expe- 
riments;/in order to which,. it. maybe pro- 
per to premife the following Definitions : 
 Suppofe that BC,(Fig. 10. PLateAl.), re- 
prefents the Surface of ftagnating Water, or 
any other, tran{parent Medium denter than Air, 


and that A i is the Point/of Incidence, in which - 


any Ray coming in the Air from. F, in the 
Line EA, is. refracted from. its right Courfe 
_AK in, the Line AG. ‘About the “Centre A, 
Prsoi with 


272 | Of the Nature and — Book Tl. - 


with the Radius AF, defcribe the Circle 
BFCKE; erect upon the Surface of the Water, 
from the Point of Incidence A, the Perpen- 
dicular AD, and produce it downwards to E; 
and from the Point F, upon the Line AD, let fall 
the Perpendicular FH ; and from the Point G, 
to the Line AE, let fall the Perpendicular 
GI. 

Dertn. I. The’ Angle FAD, which 
the incident Ray FA contains, with the Per- 
pendicular DA, is the Angle of Incidence. 

Derin. JJ. The Line FH is the Sine of 
the Angle of Incidence FAD. | 

Derin. III. The Angle GAE, which the re- 
fracted Ray AG makes, with the ‘Perpendicular 
AE, is the Angle of Refraction. | 

Dern. IV. The Line GI is the Sine of 
_ the Angle of Refraction GAE. 

Thefe Definitions being underftood, it will 
be no difficult Matter to find out by Expe-_ 
riments the Laws of Refraction. Thus, if 
the Refraction out of Air into Glafs be fought, 
take a rectangular well-polifhed Board about 
two Feet long and about one Foot broad: To 
the End of which, at Right-angles, join ano-- 
ther rectangular Board of the fame Breadth, 
but only half a Foot high. This done let a 
cubical Piece of folid Glafs, whofe Sides being 
half a 'Foot fquare, are equal to the Height 
of the fhort Board, be placed upon the long 

Boar 
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Board clofs to the other; then Yet this In- 
_ ftrument upon-a Table, or any other horizon- 
tal Plane, fo as when the Sun fhines the fhort 
Board may caft its Shadow upon the other. 
By obferving carefully the Termination of the 
_ Shade, both within the Glafs and without it, 
you may eafily fnd how much the Light is 
_ refracted in pafling out of Air, into Glats, 
BIEroere sr rony ty et ee {Ppt T, 
Pirate II.) reprefent the long Board two Feet 
in Leneth and about one Foot broad, and let 
BC reprefent the fhort Board of the fame 
Breadth: joined to it at Right-angles at B ; and 
fuppofe BCDE a Cube of folid Glafs, which, 
having its Sides half a Foot fquare, is equal 
in Height with the fhort Board BC. 
~ Now, the Board BC being one Foot broad, 
and the Glafs Cube only half'a Foot, the Light 
which paffes over the upper End of this Board 
will in part pafs {treight forwards towards the 
other Board, without entering the Glafs, or 
fuffering any Refraction thereby. But the 
Light which paffing over the fame End of the 
Board falls upon’ the Glafs, will, by the re- 
fractive Power of the Glafs, be turned out of 
its ftreight Courfe. Let therefore HC repre- 
fent the Sun’s Light pafling by the upper End 
of the Board C; CF fhall'reprefent the Courfe 
of the Light which does not fall upon’ the 
Gla{s, but moves on in its ftreight Courfe with- 
Vou. I. M m out 
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out fuffering any Refraction, and’ F fhall be 
the Point where the Shadow BF’ terminates. | 
In like manner CG {hall reprefent the Courfe 
of the. Light which, in falling upon the Glafs 
at.C, is, by its refractive Power, turned out of its 
“ftreight Courfe, and G {hall be the Place — 
where the Shadow BG terminates within the — 
Glafs. 

From, the Point of Incidence .C,. raife CT. 
perpendicular to, the refracting Surface CD ; 
the Angle HCI, which the incident Ray HC 
makes with the perpendicular. IC, is the An- 
gle of Incidence; and the Angle GCB, which 
the refracted Ray GC makes with the per- 
pendicular. BC, is the Angle of Refraction. 
But the Angle HCI is equal to the Angle — 
FCB, being ‘Angles. at the Vertex; and there- 
fore if the LineCB be confideredas the Radius, - 
’ FB fhall be the Tangent of the Angle of 
Incidence HCI, or FCB; and GB {hall be the 
Tangent of the Angle of Refraction GCB; 
and therefore, by meafuring accurately upon 

a Scale the Lines FB and GB, you {hall have 
_ the Proportion thefe Tangents bear to one ano- — 
ther. From which, by ‘the Rules of Trigo- 
nometry, the Angles themfelves, .and their — 
Sines, may eafily be found. 

If it be required to find the Refraétion of 
- Light conung out of a into Water, or any 

other — 


| 
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other Fluid, the fame may eafily be found; 
by fubtituting, ‘in place of the’ folid ‘cubical 


-Glafs, a thin glafs Veffel of the fame Figure 
-and Magnitude filled with Water, or any 


other Fluid whofe Refraction is fought. 
There are many other’ Methods whereby 


the Powers of Bodies in refracting of Light 


are found: But, as the ereateft Part of, them 
prefuppofe a Knowledge of Dioptrics, I have 


made choife of the aBOVE Method: from the 


iearned Keprer, as moft eafy and fimple ; 
leaving thofe that are acquainted with Diop- 


trics to confult the oe Writers for « other 


Methods. 
\ § 13.0 Having ropolld a Methéd' aihereby 


the refractive Power of Bodies maybe found,’ 
it now remains that we'give you the Laws of 


Refraction, which are fo’ many Corolaries 


drawn from the above Experiments, and con- 
firmed by: all bmi Methods. 


and the Perpendicular’ at ri Point of Inci- 


Coror. 1. The Angles of Ineideries and’ 
Refraction I in one and the fame Plane; that 


is, in the’Plane drawn thro’ the incident Ray 


dence. | 

Coro. 2. Refraction out of a tarer Medi- 
um intoa denfer, as out of Air into Water or 
Glafs, is made towards the Perpendicular, that 
is, fo that the Angle’ of Refraction be lefs 


than the Angle of Incidence; and, on the 


contrary, 
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contrary, Refraction out of a denfer Medium 

into a rarer, as out of Glafs into Air or Wa- 

ter, is made from the Perpendicular, fo that 

the Angle of Refraction be greater than the 
Angle of Incidence. 


Coron. 3. If the refracted .Ray be re- 


turned directly back to the Point of Incidence, 
it fhall be refracted into the Line before de- 
fcribed by the Incident Ray. 

Corot. 4. With whatever Obliguity the 
Light falls upon any refracting » Surface, 
the Sine of the Angle of. Incidence. is 
always in a given Proportion to the Sine of 


the Angle. of Refraction: | Whence, if that — 


Proportion be known in any one Inclination of 


the incident Ray, it is known.in all Ine | 


clinations; and thereby the Refraétion in all 


Cafes of Incidence, on the fame refracting Bo- 


dy, may be determined, 


SNELLIUS was the firft who ‘Counil haat | 


there was a conftant Ratio of: Refraction ; 


which he proved by manifold Experiments,’ 
But he ufed the Secants of the Complements, 


inftead of the Sines, for exprefling that Ratio, 


and did not advert that thofe Lines were to — 


one another in the fame:Proportion.as.the Sines ; 
and therefore did not fully cotton the: 
Ufefulnefs of his own Difeovery. 

What he difcovered on this Head; is as fol: 


lows ; f Suppofing the Surface of Water to be: 
AB 


: 


ore iy 


‘Chap. 1. Properties of Light. 277 


AB (fee Fig. 12. Prare Il.) and.an Objet 
under it at D, which to the Eve at F ap- 
peared as it were in the Line FC; he produced 
this FC till it met in G, with) the Perpen- 
dicular DA, to the Surface AB. Then he 
affirmed thatthe Image of the Object D appear- 
ed at G, and that’CD was to CG in a certain 
given Ratio, as 4 to 3, if the Fluid was Water. 
_ All this is very true, and agrees perfectly 
with the Law of Refraction now before us: 
for, from the known Properties of the “Tri- 
angle CDG, the Side CD is to CG, as the 
Sine of -the Angle DGC, or AGC, or 
HCF, to the Sine of CDG, or DCE, which 
are the Angles of Incidence and Refraction ; yet 
SNELLIUS never imagined. that this was the 
Ratio of: Sines; and. therefore, .as has been 
already faid, the did not thoroughly compre- 
hend his: own Invention. 

Des CarTeEs, making ufe of this Invent 
tion of SNELLIUS, firft applied the Sines, 
and therefore introduced no {mall Light and 
Convenience to this Doétrine, and thence 

‘explained the Manner of Vifion and the Foci 
of Glafles more accurately than had formerly 
been done: For all optical Writers before him 
and SNewuius, fuchasALHAZEN,' VITEL- 
L10, KErLerR, ©. fought for the Lawsof Re- 
fra&tion in the Ratio of “the Angles of Inci- 
pence to the Angles sa Reffaction:: and there- 

forg 


_ their refractive Power nib more of lefs. . 
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a en aisiciuieicea 


fore Sul never comé accurately to the ae: 
efpecially in large Angles, where the Error 
isomoft’ rebuhrkablé But the Honour of this 
Difcovery is by no means to be givento Des 
Carts; tho’ by many he has been reckoned 
the ofirft\Author of this Law; for, as is to be 
feen ins Hucenrus’s Dioptrics, -he  cer- 
tainly ‘faw the Manufcript of SNELLivs, 
from whom‘he* had: this Difcovery, tho’ he 
is not fo candid as to mention his Name. | 
Coro. 5. All Bodies feem to have their / 
refractive Powers proportional to their Denfities, — 
excepting fo far as they partake more orlefs of ~ 
fulphureous’ oily Particles, and thereby have 


» 'This'is evident from the Experiments: and. ~ 
Obfervations of the incomparable:New Ton, — 
who, ‘in his admirable ’Treatife of Optics (Book: 
Ii. part 3. Prop. 1o.)-has given“ us an exact © 
Table wherein the Proportion of the Sines of — 
Incidénce! and Refraction of almoft all tran) 
parent. Bodies, the proportional refracting: 
Porce of thefe Bodies, (eftimated-on.the Sup- 
pofition that Light is fwifter in Bodies than” 
in vacuo, in the ‘Proportion of the Sines which ~ 
meafure the Refraction of Bodies; which i is. 
certainly true, as fhall be demonftrated afta 
wards.) "The Denfity of the Bodies eftimated: 
by their fpecific -Gravity, and the refractive. 
Power of ‘each Body in refpect of its Denfity, 

are 


be oa : 
ry | 
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are fet down in different Columns: » From 
which it appears, that the Refractions of a 
Pfeudo-topaz, a Selenitis, Rock Cryftal, Ifland 
Cryftal, vulgar Glafs, and Glafs of Antimony, 
which are terreftrial. ftony alcalizate Con- 
_cretes, and Air, which probably arifes from 
_fuch Subftancts by Fermentation, tho” thefebe 
_ Subftances very different from one another in 
Denfity, yet they have their refractive Powers 
almoft in the fame Proportion to.one another as 
their Denfities are. 
Again, the Refraction of Camphire, Oil- 
olive, Lintfeed-oil, Spirit of Turpentine and 
Amber, which are fat, fulphureous, un@uous 
Bodies, and a Diamond, «which probably is an 
unctuous. Subftance coagulated, have their 
refractive Powers in Proportion to one another 
as. their Denfities, without any confiderable 
Variation. But the refractive Power of thefe 
unctuous . Subftances, is two or three times 
greater in refpect of their Denfities than the re- 
fractive Powers of the former Snbftancesin re- 
{pect of theirs. . | 
Water has a refractive Power in a middle 
Degree between thofe two Sorts of Subftances, 
and. probably is of a middle Nature; for out 
_of it growall vegetable and animal Subftances, 
which confit, as wel} of fulphureous,. fat and 
inflammable Parts, as. of earthy, lean and 
alcalizate ones. 


~~ 


- Salts 


pies 


Bi 3 
‘Say é 
i 
* 
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Salts and Vitriols have refractive Powers in 
a middle Degree between thofe of earthy Sub- 
ftances and Water, and accordingly are com- 
pofed of thofe two Sorts of Subftances: For, 
by Diftillation and Rettification of their Spirits, 
a gorvat Part of them goes into. Water, and a 
great. Part remains behind in the Form of a - 
dry, fixed Earth, capable of Vitrification. 

Spirit of) Wine has a refractive Power-in.a 
middle Degree between. thofe of Water and 
oily Subftances, and accordingly: feems- to be 
compofed of both, united by Fermentation ; 
the Water, by means: of: fome. faline- Spirits, 
with which it is impregnated, diffolving the 
Oil, and. volatilizing it: by the. A@ion 3 for 
Spirit of Wine is. inflammable by means of its 
oily Parts, and, being diftilled’ often from 
Salt of ‘Tartar, grows, by every. Diftillation, 
more and more aqueous and phlegmatie; and 
Chymifts obferve, that Vegetables, as Laven- 
der, Rue, Marjoram, dic. diftilled | per fe, 
before. Fermentation, yield Oils without’ any 
burning Spirits ; but, after Fermentation, yield 
ardent Spirits, without Oils: Which fhews, 
that their Oil is, by Fermentation, converted 
into Spirit. They find alfo, that, if Oils be 
poured in fmall Quantity upon fermenting Ve-. 
getables, they diftil over, after Fermentation, 
in the Form of. Spirits. 

So then it appears, by the forementioned 
Table, that all Bodies have their refractive 

Powers 


a 


a 


{ 
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Powers proportional to their Denfities, or very _ 
neatly, excepting fo far as they partake more 
- orlets of fulphureous, oily Particles, and there- 
_. by have their refractive Power made ereater or 


~ lefs. _ Whence it. feems: rational: to attribute 


_ the refractive. Power of all Bodies chiefly, if 
_ hot wholly, to the fulphureous Parts with which 
they abound. for it is probable, that all Bodies 
abound; more or lef&, with Sulphurs; and,-as 
Light, congregated by a burnine Glafs, acts 
moft upon fulphureous Bodies, to turn them. in« 
to Fire and.Flame; fo, fince. all AGion is 
mutual, Sulphurs ought to:act moft upon Light: 
For, that the Action between Light. and 
Bodies is mutual, may appear from: this. Con- 
fideration,. that the denfeft Bodies: which re- 
frat and reflect Light moft {trongly, grow 
hotteft in the Summer Sun, by the Action of 
the refracted and reflected Light. | 

§ 14. To this general Law of Light’s being 
refracted more or lefs as the Mediums are of - 
different, Denfities, and as they partake more or 
 lefs of fulphureous, oily, and inflammable Parts, 
I fhall now add, in particular, the Propor- 
tion between the: Sines of Incidence and. of 
Refraction, in Glaf, Water, and the Humours 
of the Eye. Thefe will be fufficient for our 
prefent Purpofe ; and thofe who defire to know 
_ what this Proportion is in other Bodies, may 
SeaVOr. |. rh ata Sha ‘ cont{ult 


~ -_ . eo ee a ee ee ee ee ee © —) oe) ee 
pas ieee ye eT bn ‘4 > 
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confult HaAUKSBEE ee ee icine ON’S 
Optics, &°c. 
. Light, in paffing out of Ay into Glag, is 
refracted towards the Perpendicular, fo as’ the 
Sine of the Angle of Incidence, is to the Sine — 
of the Angle of Refrattion in a greater ‘Pro- © 
portion than that of 114 to 76, but lef than 
115 to 76, that is, nearly as 3 is to 2; as 
Hucentus has obferved: With which alfo 
NeEwT 0n’s Obfervations do neatly agree; for 
he makes the Proportion to be as 31 is to20, © 
which differs not much from that of 3 to 2; © 
and therefore this Proportion of 3 to 2 is — 
commonly ufed by dioptrical Writers in ex- — 
 plaining the Refraétions and Foci of Glafs 
Lenfes, tho’, at the fame time, different Glaffes — 
are fometimes of different Denfities, and con- — 
fequently do not: refract Light equally. But — 
in Phyfical Matters ged is feldom: ticed” "Or | 
greater Accuracy. : 
In going out of Air into Raisers Des : 
Cartes has obferved, that the Sine of TInci- — 
dence is to that of Refraction, as 250 is to 
187, that is, nearly as'4 to 3. This alfo- 
agrees’ with Nrwton’s Obfervation, who ~ 
makes the Sine of Incidence to that of Re- 
fraction as 529 to 396. 2 
As to the refractive Powers of the aqueous | 
and vitreous Humours, feeing T have already — 
fhewn that they agree with ‘Water in ‘their 
ae J 


~ 
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fpecific Gravities, and. confequently> in their 
Denfities ; and feeing it is probable that they 
are all equally fulphureous or oily, it may 


-reafonably be perfumed, that they alfo agree 


with Water in their Refractions ; and therefore 


the Sine of Incidence, out of Air into thefe 


- Humours, muft be to the Sine of Refraction, 


as 4 to 3. It is not eafy to collect fuch a 
Quantity, of the aqueous Humour as to prove 
this experimentally:. But Mr. Hauxksser, 
in his Phyfico-Mechanical Experiments, has 
done it.with regard to the vitreous Humour of 
an Ox’s Eye; and found that. it refracted 
Light the fame as Water, namely, in the 


Ratio of tocce to 7485.3, which is nearly the 


fame with that of 4 to 3. 
Tn pafling out of Air into the. Cryftalline 
of an Ox’s Kye the fame Mr. HauxsBEE 


_ found the Sines of Incidence and Refraction 


é 


to be to one another in the Proportion of 10000 
to 6832.7, which is nearly as 19 to. 13., And 
this being fo, the Proportion between thete 
Sines, in paffing out of the aqueous Humour 
into the Crytftalline, willbe .-as»-ti~ to 
10.02126, and in pafling out of the cryftalline 
into the vitreous Humour, as 10.02126 to 

Ries | 
For the RefraGtion out of Air into the 
Cryftalline being, according to Mr. Hau xs- 
BEE’s Lixperiment, as 10000 to 6832.7; and 
this 


_ 
= j 
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this Refraction being compounded of the Re- — 


fra@tion out of Air into the aqueous Humour, 
and the Refraction out of the aqueous Hu- 
mour into the Cryftalline, if, for the Sine of 
Incidence, from the aqueous Humour into the 


Cryftalline, you put 3, and for the Sine of © 


Refraction R, we fhall have the following 
Analogy ; 10000 : 6832.7 ::4: 3+ :: 3% R, 
that is 10000 : 6832.7:: 12:3 R, oras 4 to 
R. Whence 16000 R = 27330. 8, and R= 


2573.38 seed 9 73308 5 but the Bis of In- 


cidence was 3; therefore the Sine of Inci- 
dence will be tothe Sine of the Refraction, as 
3 to 2.73308, that is as Ir to 10.02129, 
when the Light paffes from the aqueous Hu- 
mour into the Cryftalline, and as 10.02129 


to 11, when it pafles from the Cry ftalli ne in- 


to the vitreous Humour. | 
This is the Law of Refraction in the Cryftal- 
line of an Ox; and this alfo it would be in 
the human Cryftalline, were the human 
Cryftalline of equal Denfity with that of an 


Ox. But there is good Reafon to believe, that 


it is not ‘fo denfe, “and confequently that its 


refracting Power is weaker; for, as has been be- 


fore obferved, Dr. Ropertrson has inform- — 


ed us, that, upon weighing the Humours of — 


the Bye i in a hydroftatical Balance, he found 
that the mean {pecific Gravities of five cryftal- 
line Humonry of Oxen's Eyes, and three cryftal- 

line 


. ae 
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line Humours of Sheep’s Eyes, were 11134 
and 11033, the fpecific Gravity of Water be- 
_ ing rococo; and as the Cryftallines of Oxen 
_ differ fo much in their fpecific Weight | from 
the Cryftallines of Sheep, it is not improbable 
that they differ alfo from the human Cryftal- 
line; and that they do really differ, feems 
evident from what has been before obferved 
from Dr. Perit, viz. That the Cryftalline 
of an Ox falls immediately to the Bottom of 
Spirit of Vitriol ; whereas the human Crytftal- 
line floats in it, and does not defcend fill next 
Day, that its {pecific Weight has been fufficient- 
ly increafed by the AGtion of the acid Spirit. 
§ 15. It feems therefore to be without 
Foundation, that'a great many learned Men, 
both Phyficians and Philofophers, have fuxp- 
pofed that the human Cryftalline obferves the 
fame Law in the Refraction of Light with the 
Cryftalline of Oxen; and have accordingly 
built fome of their niceft Calculations on that 
Suppofition: And as’ no Author I have met 
_ with has examined the RefraGtion of the hu- 
man Cryftalline experimentally, and as fuch 
Experiments may poffibly be attended with fome 
Difficulties, I fhall here fhew how the Re- 
fraction of this Humour may be accurately’ de- 
termined from its fpecific Weight alone, which 
nay be more eafily found. ‘But, in orderto this, 
I mutt premife the following Lemmaand Axioms: 
LEM- 
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§ oh The perpendicular Motion: avn Liohe, 
which is. generated in .Refradion,.. by the. at- 
tractive Force of the refracting Body, :is-always 
in a fubduplicate Proportion of that, Force; or, 
which is the fame thing, the refracting Force of 
the Body.is as the Square of the perpendicular 
Motion generated in Refradtion. 

ILLUSRATION.,.jLet. AB» (Fig... 13. 
Prare JI.) reprefent the refracting plain 
Surface of any Body, and IC a Ray incident 
very obliquely upon the Body at C,.fo that 
the Angle ACI may. be infinitely little; and 
let CR be the refracted, Ray :.From.a. given 
Point B, perpendicular to the. refracting 
surface, erect BR, meeting with. the) refrac- 
ed Ray CR, in R;-andif.CR_ reprefent the 
Motion. of the’ refraéted Ray, and this Mo- 
tion be diftinguifhed into the Motions CB and 
BR, whereof CB is. parallel to the refracting 
Surface, and BR perpendicular to it, CB fhali 
reprefent. the Motion of the incident. Ray, 
and BR the perpendicular Motion, generated in 
Refraction by the. attractive Power. of. the 
Body; as Opticians have explained. I fay 
then, that this. Motion BR isin a fubduplicate 
Proportion to the refracting Force of the 
Body ; that is, the refracting Force af the 
Body is as BR’. 

DE- 
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DEmoNsTRATION. BR is an uniform Ves 
locity already compleatly produced by the re- 
fractinge Force ; ‘but this Force’ dees not: act 


int antaneoully, but is ctadually éxerted) upon 


the ‘Ray: dtiving: its whole Paflage ‘thro’ the 
Space “of Activity’ of *the® refracting - Body: 


Wherefore, let B and } be'two Bodies of ‘dif. 


ferent ‘refracting. Forces,’ and let thefe Forces 


_be F-and ‘and let the perpendicular’ Motion 


generated by thefe Forces'be M and 7} and'the 
Times in°awhich they: are gerieraféd, or the 
Times the Rays take to pais thro’ the whole 


Space? of “Attraction, T’and r; it is obvious, 


that the Velocities prodticed willbe: in'a-com- 


: pound : ‘Ratio of the na and ‘Times’ that 


is) MG ws F Teo fx t.-9 But ‘the Times 
are reciprocally as-'the Weldetties ‘therefore 
Mi ms F ABUL INO whence F x 72! 
Sf OM? ; whigh! ‘gives this Analogy, 
F: baer M? : m? or “F : 47s: Mm, that 
is, -theperpendicular’ Motion getierated in 
the Refraction by the attractive Force of the 
Body is-always ina fubduplicate Proportion of 
that Force, ‘or, which is the fame thing, the 
refracting Force of the Body is as the Square 
of the perpendicular Motion generated in Re- 
fraction. 

Axiom. I. Putting I fs the Cine of Inci- - 
dence,.and-R.for: the Sine of Refraction, and M 


for 
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for the, perpendicular Motion generated by Re~ 
frattion, M fhall be equal to. /r—R*; and , 
M?,. or the refrading Force of . the Body, Shall 
be equal to |*-+R*.: This will.be de- 
monftrated afterwards. (See Coro. towards 
the End.of the 26th Sect. of this Chap.) 

-. Axiom. Il. AU. Bodies, cateris.. paribus, 
have their.refracdting Forces proportional to. their 
Denfities.....Vhis has already been demonftrated 
from. Experiments, and. fhall alfo be demon- 
{trated afterwards.a priori. (See Sect. 26. of 
this. Chap. towards.the End.) | 

If what has been laid down in the preceed- 
ing Lemma and Axioms thall,be admitted, it 
will not be difficult to fhew, how, from ihe 
given Denfity of any. Body, its Law of Re- 
fraction may be determined, by comparing the 
Body. with fome other fimilar Body, .. fuch, 
as Water, whofe Dentity and Refraction are 
both given,’ 

Thus, if, the Rekaeion ap the human Cry- 
{talline Hy fought; if, for its given Denfity, 
you put. D, and for its unknown, refracting 
Force.M?, and for the given Denfity of Wa- 
ter d, and for its given refracting, Force m* ; 
by fecond Axiom, dis to m*, as Disto M*; 


whence Mi = But, By Ax. Mt = 


I: AR es and therefore I* —— R? = as and 


if 


- 


4 5 one lee Dele 
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if, for the Sine of Reftattion R, we put Unity, 


Dm* 
Wwe ‘fhall have I? — ke har whence I? = 


Den — 
fees y ht, and Layee - But I 


Dim? 


ys ihe Sine of Incidence Ho Air into the 


human Cryitalline, and 1 the Sine of Refracti- 
on; wherefore the Sine of Incidence fhall be 
to the Sine of Refraction, as the known Sate 


D 
tity / ti: sR ae Cs Bib 


Nota, As in. folving this Problem we 
made the Sine of Refinetion out of Air into 
the Crytftalline equal to Unity ; fo, in reducing 


ree + 1. to Numbers, the Sine of 


Refraction from Air into Water hoe in like 
manner be fuppofed equal to es ; whence 


‘the Sine of Incidence will be +, and m* or 


{* — R* will be 2; which I thought proper 
to notice, to prevent Miftakes. 

SCHOLiIUM f. It has been noticed above, 
that Dr. Ros ERTSON, upon weighing the 
Humours of the ye in a hydroftatical Bal- 


Tance, found, that the mean fpecific Gravities 


of 5 cryftalline Humours of Oxen’s Eyes, and 
of three cry ftalline Humours of Sheep’s Eyes, 
were 11134 and 11033, the fpecific Gravity | 
of Water being rt0900; and the Mean of 
thefe Means being 11089 ; if from this, it 

Vou. I. Oo fhall 


€ 


a 
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fhall be fuppofed, that the Denfity of the hu- — 
man Cryftalline is to that of Water, as 11083 


to 10000, then pre ne D xm 4 1, will be equal 
ee ie 


to 1.3645; and therefore the Sine of Inci- 
dence from Air into the human Cry‘talline, 
will be to the Sine of Refraction, as 1.3645 
to I, OF aS 4.0936 to 3. 

ScHoLium 3. This Refraction out of Air 
into the Cry{talline being compofed of the Re- 
fraétion out of Air into the aqueous Humour, 
and the Refraction out of the aqueous Hu- 
mour into the Cryftalline; if, for the Sine of 
Incidence from the aqueous Humour into the 
Cryftalline, you put 3, and for the Sine of Re- 
fraction R, we fhall have 4.0936 to 3 ina 
compoun nd Proportion of 4 to 3 and 3 to R, 
that is, as. 12 to 3 R, oras 4 to R; whence 
R= 733; But the Sine of Incidence was 
2, and therefore the Sine of see Sa is to 
the Sine of Refraction, as 3 to ~+2,,, that is, - 
nearly as 87 to 85, when the Light pafles out 
of the aqueous Humour into the Cryftalline ; 
and as 85 to 87, when it paffes from the Cry- 
{talline into the vitreous Humour. This is a 
furprifingly {mall Refraction, and yet it is as 
certain as any Thing in Eucuiip, that it can 
be no greater ; and, were our Cryitalline no 
denfer than that of Sheep, its Refraction wear 
2: {till-lefs. | 


§ 17. 


* 
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§x7. It muft here be obferved, that what 
{have hitherto faid concerning the Meafures 
of Refraction, is not accurately true of all the 
Rays of Light; for, as will appear, afterwards, 
the Light is not all fimilar and homogeneal, 
but compofed of different and diffimilar Rays, 
each of which are endowed with different Pro- 
perties, {ome being more refrangible, and fome 
lefs refrangible, dc. and therefore the above 
Proportions of the Sines of Incidence and Re- 


fraction, can only be accurately true of thofe 


Rays which havea middle Degree of Refrangi- 
bility, fuch as the Green-making Rays. But 
the Difference betwixt the Refractions of thefe 
and the other Rays is fo very fmall, that it is 
not much to be obferved, excepting in great 
Refractions, when the Incidence is very ob- 
lique; and therefore, in moft Cafes, it may 
be intirely neglected, without any fenfible Er- 
ror.: | | | | ; 
§ 18. As to what concerns the Caufe of) 
this Reflection and Refraction of Light, fee- 
ing our great Philofopher, the famous Sir - 
Isaac Newron, has clearly demontirated, 
by unexceptionable Experiments, that Bodies 
act upon the Rays of Light at a Diftance, in 
refracting, reflecting and inflecting them, and 
that the Rays mutually agitate the Parts of 
Bodies at a Diftance, for heating them, and 
putting their Parts ito a'vibrating Motion, 

| wherein 
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wherein Heat conmfifts ; we may fafely. con- 
clude, that Bodies and Light attract and re- 


pel each other mutually; and that the Refra-. 


ction and dreflection of Light proceeds from 
the Powers, Virtues or Forces, which Bodies 


have to attract and repel its Rays ata Di 


ftance: For from fuch Powers, variouily ex- 


ercifed in various Circumftances, all the Phe- 


nomena of Refle&tion and Refraction may eafily — 


be deduced. And this being fo, it is unphilo- 
fophical to feek for any other Caufe; for 
Nature does nothing in vain, and in vain that 
is done by more Cafes, which can be done 
by fewer. She is therefore very fimple and 
uniform, and delights not in fupadiinons Cantes 
of Vhings. 

§ 19. “This attra@ive and repulfive Pawel, 
by which Bodies and Light act upon ene 
another at a Diftance, 1s not miraculous or 
uncommon, but very conformable to the 
ufual Courfe and’ Tenor of Nature; .for it is 
well known, that Bodies act one upon another 
by the AttraGions of Gravity, Magnetifm, 
and KleCtricity: Thefe Attractions reach to 
very fenfible Diftances, and fo have. been ob- 


ferved by vulgar Eyes; and there are others — 


which reach to fo {mall Diftances, as to have 
efcaped_every bedy’s Obfervation, till NeEw- 
TON difcovered them. 


In 


i 
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In the 31/f Query, annexed to his Optics, 
this great Philofopher has fhown, in a moft 
elegant and mafterly Manner, how all the 
chymical Operations are performed by fuch 
attractive Powers. The Cohefion of the Parts 
of all homogeneal hard Bodies, is another 
inftance of this Sort of Attra€tion; for ex- 
plaining which Cohefion fome have invented 
hooked Atoms; whichis begging the Quetftion, 
feeing the Parts of thofe Atoms do alfo cohere. 
Others tell us, that Bodies are glued together 
by reft, that is, by an occult Quality, or 
rather by nothing; and others, that they ftick 
together by confpirine Motions, that is, by 
relative Reft amongit themfelves. But thefe 
Caufes ate altogether infufficient for explaining 
Cohefion ; and it is evident, that the Particles 
‘attract one another by fome F orce, which, in 
immediate contact, is exceeding ftrong, at 
fmall Difta Anas performs the chymical Oper ati- 
‘ons, and reaches not far from the Particles 
with any fenfible Effect; for it is impoffible 
that the Parts or Particles which compofe 
Bodies can itick together, and that fo firmly 
as they do, without the Affiftance of fome- 
thing which caufes them to be attracted or 
prefied towards one another. And this is 
what I call 4tra&ion, whatever that caufe 
be. The Cohefion of two polifhed Marbles 


in Vacuo is another Inftance of this Sort of 


‘Attr action ; 
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Attraction ; as is alfo the ftanding of Quick- 
filver in the Barometer, at the height of 50, — 
60 or 70 Inches, or above, whenever it is i 
well purged of Air, and carefully poured in, — 
{o that its Parts be every where contiguous, | 
both to one another, and to the Glafs.. ‘The 7 
Atmofphere, by its Weight, prefles, the Quick- © 
filver into the Glafs to the height of 29 or 30 © 
Inches, and fome other Agent raifes it higher, — 
not by preffing it into the Glafs, but by ma- 
king. its Parts ftick to the Glafs, and to one © 
another; for, upon any Difcontinuation of — 
Parts made, either by Bubbles, or by fhaking — 
the Glafs, the whole Mercury falls down to ~ 
the Height of 29 or 30 Inches. . And of the — 
fame Kind is that Attraction by which Liquors ~ 
afcend in capillary Tubes, and betwixt polifh- — 
ed Plates of Glafs laid together, fo as their — 
Sides be at a very fmall Diftance from one © 
another. And, by the fame Principle, a Spunge : 
fucks in Water, and probably the Glands of — 
the Bodies of Animals, according to. their — 
feveral Natures and Difpofitions, fuck in © 
various Juices from the Blood. ‘The Hardnefs i 
and Elafticity of Bodies proceeds alfo from 
the fame Caufe; and the Drops of every 
Fluid affect a round Figure, by the mutual 7 
Attraction of their Parts; as the Globe ofthe — 
Hearth and Sea affects a round Figure by the — 
mutual Attraction of its Parts by Gravity. 
And, f 
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And, as the attra@ive Power by which 
Bodies and Light aét mutually on each other 


_ at a Diftance, is very conformable to the 


Courfe and Tenor of Nature; fo alfo is their 


repulfive Power. For, fince Metalls diflolved 
in Acids attract but a {mall Quantity of the 


Acid, their attractive Force can reach but to 
a fall Diftance from them; and as in //ze- 
bra, where affirmative Quantities vanifh and 
ceafe, their negative Ones begin; fo in 
Mechanics, where Attra¢tion ceafes, their a 
repulfive Virtue ought to fucceed; and that 
there is fuch a Virtue, follows from the Pro- 


duction of Air and Vapour: The Particles, 


when they are fhaken off from Bodies by Heat 
or Fermentation, fo foon as they are beyond 
the reach of the Attraction of the Body re- 
ceding from it, and alfo from one another with 


great Strength, and keeping at a Diftance, fo as 


_ fometimes to take up above a Million of Times — 


more Space than they did before, in the Form 


of a denfe Body. Which vaft Contraction 
and Expanfion feems unintelligible by feigning 


the Particles of Air to be fpringy and ramous, 


or rolled up like Hoops, or by any other 


Means than a repulfive Power. The Particles 
of Fluids which do not cohere too ftrongly, 


and are of fuch a Smallnef$ as renders them 
moft fufceptible of thefe Agitations which 


keep Liquors in a Fluor, are mott eafily 


ah 


feparated 
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feparated and ratified into Vapour; and, inthe — 
Language of the Chymifts, they are volatile, » 
rarifying with an eafy Heat and condenfing 
with Cold. But thofe which are erofler, and 
fo lefs fulceptible of Agitation, or “cohere bya 
- ftronger Attraction, are not feparated without — 
a {tronger Heat, or perhaps not without Fer- 
mentation; and thefe laf are the Bodies which 
Chymifts call fixed, and, being rarified by 
Fermentation, Laepate true permanent Air: 
Thofe Particles receding from one another with 
the greateft Force, and being moft difficultly © 
brought ‘together, which, upon Contact, — 
cohere mot ftronely. And, becaufe the Par-- 
ticles of permanent Air are groffer, and arife : 

from denfer Subftances, than thofe of Vapours ; 
hence it is, that true Air is more ponderous . 
than Vapour, and that a moift: Atmofphere is” 
lighter than a dry one, Quantity for Quan- 
tity. : 
From the fame repelling Power it is, ‘that 
Flies walk upon the Water without wetting” 
their Feet, and that the Object-glaffes of 
long Telefcopes lie upon one another without 
touching, and that dry Powders are difficultly 
made to touch one another ‘fo as to ftick to- 
gether, unleis by melting them, or wetting 
them with Water, which, by exhaling, may 
bring them toether, and that two, polithed | 
Marbles, which by immediate Contact ftick 
together, 
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togeflier are difficult y brought fo dlofe eee : 


as to {tick. 

§ 20,°"Fhefe Tacs of Athiateida’ and 
- Repulfiof “thew the ‘Corfe and Tenor of 
“Nature; “and make it highly probable, that 
there are yet others of-the-fante’ oi different 
Kinds. “¢overned by’ the fanie or. different 
Laws } for Waturé is very conformable to her- 
felf, and very finiple and uniform? And ‘that 
there are others, and particularly that-Light -is 
refracted, reflected, and - inflected) by the 
attractive and repulfive Power of Bodiesa acting 
on the: Rays at'a_ Diftance, clearly follows 
from Niwt'on’s Experiments’ and! Obfervati- 
ons: “Pe: him therefore fF wwe refer the 
Reade? for a fill Proof of this’ Point; and 
fhall here only; by way of Cor olaty, make the 
following Obfervation, viz. 

§ 25. "af Light is reflected and inflected 
by the reptlfive Powér of Bodies; it follows, 
that it may alfo be emitted from luminous 
fhihine Bodies by thé fame Cate 5 for, as 
the Particles of fixed dénfe Bodies; when they 
aré by Heat of Fernientation fhakén off from 
ihefe Bodies, fo foon as they get beyond the 
Reach of the Attraction of the : Body; recede 
from it and from oné anothér with ¢reat Force, 
fo as to conftitute trué Pérmanent éla{tic Air? 
So, in like manner, the Ray of Light, fo 
foon as it is fhaken off from a. fhining: Body, 
by the vibrating Motion of the Parts of the 

sVoL. IL. Pp | Body, 
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Body, and gets beiron the Reach. of its At- 
traction, muft be driven away with exceeding 
ereat Velocity by the repelling Force of the 
fhining Body ; for the repelling Force, which 


js fufficient to turn it back in Reflection, muft 


be fufficient to emit it. 
§ 22. It, now remains, that I ie haw 
from this attractive and repulfive Power, all 


the Phenomena of Reflection and Refraction 


may be deduced. 


5 ‘Ford this * End: hlet~ ABCD. (Fig. aes 
Prare II.) be a: denfe pellucide Body, and 


let its Power to attract Light without the 


Body extend to KL; and let MN-and KL _ 


be parallel, and at equal Diftance from AB; 


it is. obvious, that the attractive Force muft — 


continue within the Body till the Ray gets to 


MN; by reafon that in all the Places betwixt j 
the Surface of the Body: AB and MN, there — 
are more Particles drawing the Ray forwards — 


towards MN, than drawins it backwards the 


contrary Way towards AB; and therefore the — 
Ray, in its whole Paflage fron KL to MN, — 
mu{t have its perpendicular Velocity continual- — 


ly accelerated, by the. Power of ..Attraction 
acting conftantly in Lines perpendicular to the 


Surface of the attracting Body: The Extent — 


of this Power will therefore be terminated by 
the two Planes KL and MN, parallel to one 
aRDEHES, ene to the Surface of the poy AB: 


, Where © 


5 
| 
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Where this-attractive Power vanithes at KL, 
there let a repulfive’ Power begin, and let 
» this repulfive Power extend to the Diftance 
_JH, it: is obvious, that the Ray, in its whole 
Paflage from HI to KL, muft have its per- 
pendicular Velocity more and more retarded 
by the repulfive Power of the Body acting in- _ 
ceflantly in Lines perpendicular to its Surface 
AB, and that the Extent of this Power will be 
terminated by the two Planes HI and KL, 
parallel to. one another and to the Sur- 
face AB. | 

Aas) Dts viata? guetta it will be eafy 
to underftand how thefe Powers operate in 
canting Reflections and Refractions. — 

Thus, if a Ray of Light OP falls: obliquely 
from Air or Vacuum, upon the Space of Re- 
pulfion HIKL, this Ray, at its Incidence at 
P, will have its perpendicular Motion re- 
tarded, ‘and confequently will be perpetually 
diverted from one Direction into another, by 
the Oppofition of the repulfive Force, and fo 
will defcribe a Curve PQR, till it emerges from 
that Space at R, and then it, will proceed in 
the right Line. RS. This will be the Courfe 
of the Ray, if its progreflive Force be fo 
weak, or its Incidence fo oblique, or the re- 
pulfive Force fo ftrong, as to hinder it from 
entering the: Space of Attraion KLMN ; 

for, if it enters this ae inftead of being 
reflected, 
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reflected, it will be refracted into iio dtl 
- Medam;.cand, in reality, fome Part ‘of the 
incident Light is always: reflected and» fome 
- refracted atall tranfparent Surfaces:’ ‘The Caufe 
of which is, that fome of the Rays arein Fits 
of caly Reflection, while others are in Fits of 
eafy Tranfmiflion; as Newron has explain- 
ed (Optics p. 25 3.) bi 

et iepiches Arastlaee Ray, having its) (perpen- 
ainiak Velocity greater than that of the Ray 
OP, by being lets.oblique to the Surface of the 


Body AB, or by being in a Fit‘ of eafy 


Tranfmiffion at. its Incidence; this Ray, at 
its Incidence upon the repelling Space at p, 
will alfo have its perpendicular Motion re- 


tarded, and confequently will be perpetually — 


silertod from one Dire@tion into’ another rs 
the Oppofition of the repulfive Force, and { 
will defcribe the Curve pq: “But, as the é 
pulfive Force is here fuppofed not fo dtrong as 


to deftroy the perpendicular Velocity of the — 


Ray before it gets to the Space of Attraction 
at gq, this. .attractive Power which begins at 
g, muft again accelerate the perpendicular 


Velocity of the Ray ; ; and. of confequence — 
_muft bendits Courfe into the Curve gr; and — 


when the Ray has Bor thro’ the Space of At- 
traction to r, it will then proceed in the right 
Line rs with an uniform Velocity, 


This is the Manner in which the repulfive | 
and attractive Pow ers of denfe Mediums ope-_ 
rate, a 
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rate, in caufing Reflections and Refradtions, 
when the Light moves from a rare Medium, 


or aVacuum, into the denfe Medium ; but there 
. isa fecond Reflection and Refraction at the far- 


ther Surface of the denfe Medivm when 
the Light emerges from the denfe Medium 


into the rare Medium or a Vacuum. 


For Underftanding this, let.a Ray of Light 
be fuppofed to move the contrary Way from 
sto r; thisRay, during its whole Paffage thro’ 
the Space of Attraction MNKL, being conftant- 
ly drawn back by the attraétive Power of the 
Medium acting obliquely upon the Particles, 
will bend their Courfe into the Curve rq: 


‘But, if the attractive Force is not fo ftrong as 
to deftroy the perpendicular Velocity. of the 


Ray, before it gets to the Space of Repulfion 


_ at y, this repulfive Power, which begins at gq, 


aa 


mutt again accelerate the perpendicular Velocity 
of the Ray, and of confequence muft bend its 
Courfe into the Curve gf; and when the Ray 
has got’ thro’ the: Space. of Repulfion 
to p, it will then proceed in the right Line 
0» 

This will be the Courfe of the Ray, if its 
progreffive Force be fo {trong as to overcome 
the attractive Force of the Body, and get into 


_ the Space of Repulfion; but, if the incident 


— 


Ray have its perpendicular Velocity fo much 


diminifhed, either by its being in a Pit of ea- 


fy 
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fy Reflection, or by its Obliguity to the Sur- 
face of the Body, as. not: to be able’ to pafs 
thro’ the fpace of Attraction, it will. be. pulled 
back into the fame Medium, and, in place “ 
being refracted, it will be reflected. 

Thus the Ray op (Fig. 15.) falling more 
obliquely upon .the:Space of Attraction’ at p, 
will, by the Force of Attraétion acting fide- 
“ways upon its oblique Courfe, be. perpetually 
drawn out of one Direction into another, and 
be made to defcribe a Curve par, tillit emer-— 
ges from the Space of» Attraction at r, and 
then it will proceed in the right Line rs. This 
may be illuftrated by the Action of Gravity ; 
for, if.a Stone be thrown upwards from. the 
Point p, in the Direction of the Line of con- — 
tinued, its Courfe will be bent by its Gravity 
into a Curve pqr, and the Stone will defcend 
from the higheft Point of its Courfe 7, by the — 
fame Degrees of Curvity with which it afcended ; 
and if its Gravity be fuppofed to ceafe -in all 
Places below the Line -—MN, the Stone will 
go on in the Direction of the laft Particle of 
the Curve produced, that is, in the right 
PAG 7 seis, 

§ 24. From what has been faid of the re- 
pulfive and attractive Power of Bodies, it fol- 
lows as a Corollary, that the repulfive Power 

of a denfe Medium is lefs. extended, or elfe 
weaker than the attractive Power; F 2 if 
- the 
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the bending of a Ray,: by the repulfive Power, 
was not lefs than the contrary bending’ made. 
by the-attractive Power,,the Refraction into a 
-denfe, Medium could not be made toward the 


Perpendicular, and the Refraction) into. a rare 
Medium® from: the Perpendicular, as it always 
is.} And that the repulfive Power of asdenife 


Medium is tefs extended.than the attractive Pow-: 
er, feems manifeft, becaule the attractive Power: 


continues, after the Ray enters the denfe Body: 


Thus, (in Figs 14.) the Extent of the repulfive — 


Power is, terminated by the two Planes HI and 
KL; whereas the attractive Power extends not 
only fromthe Plane KL;; to, the Surface of the 
Body AB, but alfo from this Surface AB to the 
Plane MN ; avhich, is double the Extent ofthe 


repulfive Power: Andi it is from this greater Ex- 


tent of the attractive Power that the Rawiaktion 
of Bodies is to be explained.!. 


§ 25. Having thus exphined the amines in 


which. the Powers of Repulfionand: Atttraction 
operate in’ caufing Reflections and. Refractions, 
i thall now proceed to fhew, more /particular- 
ly, how, from thefe Powers all the Phenomena 
of Reflection and Refraction. may be deduced : 

But, becaufe thefe Powers’ are but ‘of al) {mall 
Extent, and -vanifh atoa \vety. fmalb Diftance 
from the Body, the Curve. defcribed -by the 
Rays, in Reflections and Refractions, mutt be 
very fhort ; ‘and therefore,‘ for, the |more_cafy 
Conception of wnaky is to tallow, we may fup- 
pote 
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pofe that the Ray moves in a right Line quite 


tothe Surface of the reflecting or refracting Bo-— 
dy, and that it is reflected and) refracted, not 


in a Curve, but all at once at the Point of In- 
cidence on that Surface. ASTI 
Taking it then for granted, that Light is 
reflected from opaque Bodies, and from the 
firft Surface of tranfparent Bodies, by this re 


élline Power ‘actine: upon the Rays in Linés — 
peiuing “acl p y 


perpendicular to the Surface of the denfe te- 
flecting Body, it will thence follow, that the 


’ 
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Angele of Incidence is. equal to the Angle of - 


Reflections 0%. 9794 toi 

‘For, if we fuppofe a Ray of Light to move 
in the Direction AC: (Prare Ii Fig. 16.) 
towards the reflecting Surface BCD ; ‘and if we 
fuppofe that Motion to be refolved into two, 
one AE, parallel to BD, and the other AB, 
perpendicular to BD, it is manifeft, that of 
thefe.two Motions, the latter only is oppofed to 
the repelling Force, and of confequence,- the 
Ray, ‘after Reflection, will go on inthe parallel 
Direction with the fame Velocity it did’ before ; 
and forafmuch as ‘the repelling Force, which 
oppofes: the perpendicular Motion, acts in- 


ceflantly, it muft, after having deftroyed ‘the. 


Motion of the Ray towards the Body, give 


it an equal Degree of Motion the contrary 


Way; that is, throw it back with the fame 
perpendicular Velocity wherewith it approach- 
ed. Iftherefore CD be taken equal to ie 

eg 8 


: 


me : 
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and from C be raifed the Perpendicular CE, 
equal and parallelto AB’; CD will exprefs the 
parallel Motion of the Ray after Reflection, 

_and CE, its perpendicular Motien: And, ha- 
ving compleated the Paralellogram ED, which 
will in every refpecét be equal and fimilar to 
the Paralellogram BE, and drawn the Diago- 
nal CG, this Diagonal CG will be actually 
defcribed by the Ray, by virtue of its com- 
pound Motion; and, from the Nature of 
fimilar Triangles, the Angle of Incidence ACE 
will be equal sad ECG, the Angele of Refle- 
ction. 

In like manner, taking it for granted that 
Light is reflected at the further Surface of 
tranfparent denfe Bodies, by the attractive 
Power of the Body acting upon the Rays. in 
Lines perpendicular ‘to its Surface, and drawing 
them back from ‘the rare Medium or V acini 
which: dies behind that Surface; in this Cafe 

t i the-Angle of Incidence will be equal to the 
le of Reflection. 
is {carce needs ‘any Denionftration : For, 
if we fuppofe ABDG to bea denfe tranfpa- 
rent Body (See ftill Fig. 16.) and’ AC a Ray 
of Light moving towards the further Surface 
of the Body BCD ; it is obvious, that the 
Effect mult be the fame, whether the Ray 
be pufhed back by a repelling Force, ‘before tt 
has got to ‘the Surface'BCD ; or whether it ‘be 
pulled back in the fame perpendicular Dire@i-. 
~ Vor.t. Qq on 
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on by an attracting Force, after it has pafled 
that Sufface. In both Cafes, the Ray will 
have its perpendicular Motion deftroyed; after 


which, by the continued Action of thefe Pow- 


ers, it will get an equal Degree of Motion the 


contrary way; that is, it will be fent back- 


with the fame perpendicular Velocity where- 
with it went forward. But it has been already 
fhown, that this perpendicular retrograde Moti- 
on being compounded with the parallel Motion 
of the Ray, carries the Ray into fuch a Diredcti- 


q 
A 


on as makes the Angle of Incidence. equal to © 


the Angle of Reflection; whence we conclude, 
that, if Light is reflected. by the attractive and 
repulfive Power of Bodies, whether this Re- 
flection be made at the firft or fecond Surface 
of the Body, the Angle of Incidence will al- 
ways be equal to the Angle of Reflection, 
- with whatever Obliquity the Ray falls on the 
reflecting Surface. And this is a fundamental 
leading Principle whereon a great Part of the 
Doétrine of Catoptrics is founded. 

§ 26. As tothe Phenomena of Refraction; 
thefe alfo may be eafily deduced. from ‘the at- 
tractive Power of the denfer Medium aéing 
upon the Rays at Right-angles to the Sur- 


face. | 


For Proof of this, let AC (Prarell. figs 


bea Ray of Light moying from A to C, and 
there entring into a denfer Medium, the Sur- 
face which feparates the two Mediums being 


denoted 
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: ddioted by the Line HK ; : the! ‘eid of the 
Ray, in the DireGion AC being refolved, ac- 


_ cording to the kngwn Methad, into two, one 


in thé” DireGtion AD, and the other in’ the 
DireGtion AB or DC, whereof the former is 
parallel, and the latter perpendicular to HK; 
it is manifeft, that, as the Ray enters into 
the denfer Medium at C, its perpendicular Mo- 
tion muft be accelerated by the Attra€tion of - 
the Medium, whilft its parallel Motion con- 
tinues the dine! Let then the Lme CG, be 
taken in the fame Proportion to CD, ‘that 
the Velocity of the perpendicular Motion after 
Refraction has to the Velocity. thereof before 
the RefraGion; and for as much as the 
parallel Motion. is the fame before and after 
Refraction, let CE be taken equal to AD or 
BC, and having compleated the parallelo- 
eram EG, -and drawn the Diagonal CF, the 
Ray, after Refraction, will diléribe the Line 
CF in the fame time that it moved from Ato 
C before the Refraction; and forafmuch as 
_ GF is equal to AD, LM, that is the Sine of 
_ the Angle of Refraétion MCL, muft be le& 
than AD the Sine of the Angle of Incidence 
ACD; confequently, by the Attraction of the 
denfer Medium, the Ray, in pafling into that 
Medium, is brought nearer to the Perpendicular; 
which is one of the Phenomena of Refra€tion. 
Again, let FC denote the Motion of a Ray 
in the denfer Medium from F to C; and let this 
Motion 
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Motion be refolved into two others, one in the 
Direction FG, or EC, and the other in the 
Dixection FE or GC, the former being Paral- 
lel and the latter perpendicular to HK: When 
the Ray pafles into the rarer Medium at C, 
the parallel Motion does not fuffer any Change 
from the. Attraction, but the perpendicular 


Motion is retarded by the attractive Force, | 


which inthis Cafe, acts in direct Oppofition to 
it: Let then CD be to.GC as the perpen- 
dicular Velocity of the Ray in the rarer Me- 
divin to the perpendicular Velocity. thereof in 
the denfer, and let DA be drawn equal and 
parallel to FG, m order to denote the parallel 
Motion of the Ray after Refraction; and 
the Diagonal CA will be the Line deferibed. by 
the Ray after Refraction, in a Space of Time 
equal to that wherein it defcribed the Line FC 
_ beforeReftaction; and forafmuch as ADis equal 


to GF, it muft be greater then LM; con _ 


fequently the Angle ACD is greater than FCG; 
and therefore the Ray, in paffing out of a 
denfer Medium ito a rarer, is, by the At» 


traction of the denfer Medium, bent from thePer- _ 
pendicular ; which is anotherof the Phenomena — 


ef Refraction. 


A third Phenomenon of Refragtion is, that 


“e whatever Obliquity the Light falls upon 


any refracting Surface, the Sine of the Angle : 


of Incidence is always im a given Proportion 
to, the Sine of the Angle of Refraction. 


‘ 
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This alfo will follow from the attractive 
Force of the denfer Medium: For proving 
which, I mutft premife the following Lemma: 


LEMM A. 


If CD (Piare Ul. Fig. 18.) be the Sur- 
face of the denfer Medium CDEF, and AB the 
Space thro’ which the attractive. Force extends it- 
felf from A to B; a Ray of Light, in paffing 
from B to A, will be accelerated in fuch a Manner 
_ a5 that the perpendicular Velocity thereof, at the 
Point A, will be equal to, the Square-root of the 
Sum of the Square of the perpendicular Velocity 
of the Ray at its Incidence on the Point B, and of 
the Square of the perpendicular Velocity which it 
would have at A, fuppofing it began its Motion 
at B from a State of ‘Reft; and this holds true, 
not only when the attradive Force is fuppofed to 
acd uniformly at all Diftances, thro’ the whole of 
the Space AB, but alfo when it ads differently 
at diferent Difiances in any given Propor- 
> £108. . shy’) 

DemonsTraTion. Firft, Let itbe fappofed 
that the attractive Power acts uniformly at. all 
Diftances thro’ the Space of AGivity BA; in 
this Cafe, the Motion which it generates will, 
_ as.to its Properties, correfpond with the Motion 
arifing from Gravity ; if therefore the Triangle 
EGH (Piare Il. Fig..ro.) be taken to, de- 
note the Space BA, GH will exprefs the Ve- 

| | locity 
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locity of a Ray at A, on Suppofition that from 
a State of Reft it begins its Motion at B; but, 
ifat B it has a Velocity exprefled by any right 
Line as Ik, parallel to GH, letthe Triangle 
be continued on till the Portion IFLK be- 
‘comes equal to EGH ; and FL will exprefs the 
Velocity of the Ray at the Point A ; and foraf- 
much as the Triangles EGH, EIK, and EFL, 
are fimilar, their Areas are to one another as 
the Squares of the homologous Sides GH, IK, 
FL; and feeiig the Triangle EFL is equal to. 
the ‘Sum. of the two Triangles EGH and EIK 
(by Reafon of the equal Areas EGH and 
(KEF,) therefore alfo the Square of FL will 
be equal to the Sum of the Squares of GH and 
IK ; whence FL will be equal to the Square- 
toot of thé Sum of the Squares of GH and 
IK; that is, the perpendicular Velocity of the 
Ray at. A (Fi ig. 18.) is equal to’ the Square- 
root of the Sum of the Square of the perpen- 
dicular Velocity of the Ray at. its Incidence 
on the Point B, and of the Square of the 
perpendicular Velocity which it would have 
at A, on fuppofition that it began its Motion 
at B from a State of Reft, But, 
adly, Vf the attractive Power acts with dif. | 
ferent Forces at different Diftances, let the 
Space of Attraction AB [Fig. 20.] be divided 
into innumerable little Spaces Be, ci, 10, OU, 
wy, YA, by the parallel plane Surfaces e, 7, 0, 
il, ys a Force of Attraction in each of thefe 
| Spaces 
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Spaces being fuppofed equal, and in different 
Spaces unequal, the Velocities generated in 
thefe different Spaces will alfo be wnequal; 
wherefore, let @ reprefent the Velocity gene- 
rated in the Space Be, b, the Velocity gene- 
rated in the Space ¢7, c, the Velocity gene- 
rated in the Space io, d, the Velocity gene- 
rated in the Space ou, f,; the Velocity gene- 
rated in the Space wy, and g, the Velocity gene- 
rated in the Space yA: It is obvious, that, 
if the Ray begins its Motion at B, from a 
State of Reft, ate it will have the Velocity 
a, at 4, the Velocity Wa +*;ato, the Ve- 
locity Ya? 46% +c*5 at uw, the Velocity 
4a? +b? +c? + d*; at y, the Velocity 
Va? +b? +c? +d? + f*, and at A, the Velo- 
city / a? +b* +¢*+d*4 f*+297; and if at 
B the Ray begins its Motion thro’ the 
Space BA, with any given Velocity 
as x, it will at A. have the. Velocity 
Vxr +a +b +cr+d*+f%* +97; But x” 
is the Square of the perpendicular Ve- 
locity of the Ray at its Incidence on the 
Space of Attraction at B, and g++ + 
+c* +a* -+f*-+-97, -is the Square:.of the 
perpendicular Velocity it would have at A, 
on fuppofition that it began its Motion at B 
from a State of Reft; and therefore the per- 
pendicular Velocity of the Ray, at its emerging 
out of the Space of Attraction, fhall be al- 

ways 
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ways equal to the Square-root of the Sum of 
the Square of the perpendicular Velocity of 
the Ray at its Incidence on the ‘Space of 
Attraction, and of the Square of the perpen- 
dicular Velocity which it would have at its 
Emergence from that Space, if at its Incidence 
on that Space its perpendicular Velocity was 
equal to nothing. And this holds true, as 
well when the attractive Power atts differently 
at different Diftances, as when at all Diftances 
it acts equally. | | 
As a, Corollary from this, it fellows, that, 
if a Ray moves-the contrary way from a 
denfe Medium into’ a rare one, the Ray will 
be retarded by the Oppofition.. of the at- 
tractive Force, in fuch a Manner as that the 
perpendicular Velocity thereof, at its emerging 
out of the Space of Attraction, fhall be al- 
ways equal to the Square-root of the Differ- 
ence of the Square of the perpendicular Velocity 
of the Ray, at its Incidence -on-that Space, 
and the Square of the perpendicular Velo- 
city that is deftroyed by the attradctive 
Force of the denfe Medium in paffing thro’ 
that Space. : eae CW: 
- As this Lemma and Corollary are . funda- 
mental Principles, that they may be the better 
remembered, I fhall exprefs them in the 
-fhort Algebraical Manner. For which Pur- 
pofe, sig ll 
Let 
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Let the perpendicular Velocity of the 
Ray, at its Incidence on the ree 
of Attraction, be ~~ °- ~ V 
The ‘perpendicular Velocity which is 
generated by the Power of At- 
traction, when the Ray moves to-. 
wards the denfe Medium, and which 
is deftroyed by the fame Power 
when the Ray moves the contra- 
ty way towards the rare Medium,- - » 
The Velocity of the Ray, in the 
denfe Medium, after it has pafled 
thro’ the Space of Attraction, - -- M 
The Velocity of the Ray in the rare 
Medium, after it has pafled thro’ the 
Space of Attraction, - - - = - @ 
Then by the Lemma M=V V? + 07 
And by the Corollary m = JVi—u- 

» This Lemma and Corollary being. admitted, 
it will be eafy to determine the Courle and 
Velocity of the refracted Light, and to de- 
monftrate the Phenomenon of Refraction 
now before us, viz. That the Sine of Jncidence 
is always im a given Propor tion to the Sine of 
Refraétion. 

. Demonstration. Let Mm (Pr ATE IIL. 
Fig. 21.) veprefent the tefracting plane 
Surface of any denfe tran{parent Body, 
and let IC be the Courfe and Velocity 

Vor. I. Rr of 
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of a Ray incident very ‘obliquely upon the 
Body at C, fo that the Angle MCI may be 
infinitely little ; from C raife the Perpendicular 
CS, and continue it downwards to Q; and 
let Cp be the. perpendicular Velocity gene- 
rated. by the attractive Power of the Body: 
From the Centre C, with the Radius CM or 
CI, defcribe the Circle MASmQ_; Cw thall 
be the parallel motion of the Ray after Re- 
fraction, and Cp its perpendicular Motion; 

having therefore compleated the Parallelogram 
pm, and drawn the diagonal CV, this Line CV 
fhall reprefent the Courfe and Velocity of the 
Ray after Refraction. 

In like Manner, let the Radius AC repre- 
fent the Courfe and Velocity of any other in- 
cident Ray AC; _ this Motion AC being | 
diftinguifhed into two Motions AD and AB 
or DC, one of which AD is parallel, and the 
other DC perpendicular to the refracting Sur- 
face ;. let Cx be taken equal to Cp, this Line 
Cx will alfo denote the perpendicular Motion 
generated by the Attraétion of the denfer Me- 
dium, and the Hypotheneufe Dx, being equal 
to Y DC? + Cx’, will meafure the whole 
perpendicular Velocity of the Ray AC, in the 
denfer Medium. And forafmuch as the Velo- 


city of the parallel Motion is no way altered 


by the Attraction, if Cd be taken equal to AD, 
and CP equal to Dx, and the parallelogram re : 
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be compleated, it is evident, ‘that the Ray 
AC, after Refraction, will defcribe the Dia- 
-gonal Cv, and the Velocity of its Motion will 
be meafured by that Line. 

From the Points N and. E, to the Line CQ. 
let fall the Perpendiculars NG and EF, thefe 
‘Lines NG and EF are the Sines bf the 
Angles of Refraction VCQ_ and vCQ_; and, 
by Reafon of the fimilar Triangles CGN 
and? GeV, ING  CGt rs “Ve on MC\.: Cp. 

MC XCG 


Whence Cp = —-— 3 and by reafon of the 
fimilar Triangles CFE and CPv, EF : CF : 
vP or AD : CP; whence CP = aDxer, 


If therefore, for Cp, the perpendicular Velocity 
of the Ray CV, you write sted then, by 
the foregoing Lemma, CP, the perpendicular 
Velocity of any other Ray Cv, will be 


er is Gur Opis ETE 
therefore ee = ACD? ae oe Ratt And, 
by fquaring thefe equals, we have wi pecuiies 

CD? + ie aaa ; to which if the ta 
AD*; \amdtMiG* — CD? be added, we fhail 
Ihave AD* + = MC? ie Ae 


or 
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- AD? X EF? +AD2 X CF? MC* x NG? + MC?X CG*, 
Mae SO Seen Teen AyD, 
and, if thefe Equals be divided by the Equals 
EF? +CF? and NG* +CG’, they will give 


oe ap ADEE FBACE RS 
—— = ——: Vhenc D 
the Hquation == om Whence AD, 


the Sine of Incidence, is to EF the Sign of 


- Refraction, as MC to NG, that is, in a 
siven Ratio. | : 

In this Demonftration I have only con- 
fidered the Light moving from a rarer Me- 


dium intoa denfer one; but, by the fame Way ~ 


of reafoning, the Propofition may alfo be 
proved when the Light moves the contrary 
Way, from a denfer Medium into a rarer one. 
The Demonftration Mathematicians will eafily 
find out, and therefore I fhall not trouble the 
Reader with it. | : 

Corot. 1. The perpendicular Motion 
generated in Refrattion, by the Attraction of 
the Body, when the Ray moves from the rarer 
Medium into the denfer, is always equal to the 
Sgquare-root of the Difference of the Square of 
the Sine of the Angle of Incidence, and of the 
Square of the Sine of the Angele of Refraction: 

For, if the Ray IC, which is fuppofed 
parallel to the refracting Surface, be refracted, 
at its Incidence on the denfer Medium at C, 
into the Line CV, the Line mV or Cp fhall 
reprefent the perpendicular Motion generated 

by 
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by the Attraction ; and CmV fhall be equal 
to the Angle of Incidence, and CVm or VCQ_ 
fhall be equal to the Angle of Refraction: 
If therefore V be made the Centre, and a 
Circle be fuppofed to be drawn with the Radi- 
us VC; CV will be the Sine of the Angle of 
Inciderice, and Cw the Sine of the Angle of 
» RefraGtion; but, by reafon of the rectangular 
Triangle CuV, mV is equal to “CV? —Cm?, 
that is, the perpendicular Motion generated by 
the Attraction of the denfer Medium is equal. 
to the Square-root of the Difference of the 
Square of the Sine of the Angle of Incidence 
and of the Square of the Sine of the Angle of 
Refraction. 

That this Corollary may be the better re- 
membered, Jet I and R be put for thefe Sines, 
and M for the Motion generated by Re- 
fraction, and the fXquation will ftand thus 
M=V l* —R:. | . 

Coror. 2. When the Ray moves the 
contrary way, from the denfer Medium into 
_ the rarer, as from V-to C, the perpendicular 

Motion, which is deftroyed in Refraction by 
the Attraction of the denfer Medium, will 
here alfo be always equal to the Square-root 
of the Difference of the Square of the Sine of 
the Anele of Refraction, and of the Square of 
the Sine of the Angle of Incidence. _ 

For it is obvious, that in this Cafe the at- 
tractive Force of the denfer Medium mutt de- 


{troy 
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ftroy juft as much Motion as it generated 
when the Ray moved the contrary way; and 
therefore, putting M for the perpendicular 
_ Motion which is deftroyed, Vm or pC; and I 
for the Sine of Incidence Vp or Cm, and R for 
the Sine of the Angle of Refacion CV: By 
reafon of the Ps mevlan Traugle CmV, we 
fhall have M— —/R?*—T? es 
‘Corot. 3. The aa of Liphe) ers 


' Refraction, is to the. Velocity of Incidence, .— 


as the Sine of Incidence to the Sine of Re- 
fraction. 

Firft, Let the Light move from a rarer 
Medium into a denfer one, and let AC re- 
prefent the. Courfe and Velocity of any inci- 
dent Ray AC,. and Cv the Courfe and Ve- 
locity of the refracted Ray Cv; by Reafon of 
the fimilar Triangles CuP and CEF; vC: 
EC :: vP: EF; but vC is the Velocity of the 
Light after Refraétion, and EC or AC the 
Velocity at Incidence, and wP ( = Cd or AD) 
is the Sine of Incidence, and EF the Sign of 
Refraction ;_ therefore the Velocity, after Re- 


fraction, is to the Velocity of Incidence, as © F 


the Sine of Incidence to the Sine of. Refra- 
ction. 

Secondly, ‘The fame Corollary holds true, 
when the Ray moves the contrary way, from 
the denfer Medium into the rarer. For, 

| From 
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From what has been faid, if vC repre- 
. fent the Courfe and Velocity of any Incident 
Kay, CA fhall reprefent the Courfe and Ve- 
locity of the refracted Ray; but CA is equal 
to CE, and becaufe of the fimilar Triangles 
CEF and CuP, CE, or CA, the Velocity of 
of the refracted Ray, is to vC, the Velocity 
of the Incident Ray, as EF, the Sine of the 
Angle of Incidence, is to vP or Cdor AD, 
the Sine of the Angle of Refraction. 

Corot. ‘4. The Velocity of Light after 
Refraction is always the fame, with whatever 
Obliquity the Rays are incident. 

This Corollary is a manifeft Confequence 
of the former one; for, if the Velocity, after - 
Refractionyy be called V, the Velocity of 
Incidence ¥, the Sine of Incidence I, and the 
Sine of Refraction R, by laft Corollary, we 


fhall have V:v :: I: R; whence Vzu— 


_ but v being the Velocity of the incident Ray, 
is a given fixed Quantity; therefore V, the - 


Velocity after Refraction, is\ as >, that is, 


in proportion to the Sines which meafure 

the Refraction of the Bodies; which is a 

conftant and invariable Ratio. 
A. fourth Phenomenon of Refraction is, that 

the refracting Forces are always proportional — 

to the Denfities of the Bodies, excepting Bs. 
| ar 


320 Of the Nature and —_ Book Ils 


far as they partake more or lefs of fulphureous 
oily Particles, and thereby have their refractiy : 
Powers made more or lefs. 

This is fo manifeft a Confequence of At- 
traction, that it fearce needs .any Proof or 
Hiluftration. For the denfer the Body is, it 
muit have the more attracting Matter in it; 
and, of confequence, muft refrac the Light 
in that Proportion: This may be illuftrated - 
by the Attraction of Gravity, which always 
acts in proportion to the Denfity of the gravi- 
tating Body. But, when the refraGting Body 
abounds with fulphureous, oily and inflamable 
Parts, the Attraction, and confequently the 
Refraction, will be ftronger or weaker in pro- 
portion to the Quantity “of thefe etc by 
oily Particles ;. for, as Light co ated by 
a Burning-gla&, acts moft upon fulphureous 
Bodies to turn them into Fire and Flame, fo, 
fince all Action is mutual, Sulphurs ought to 
ac moft upon Light to attract, refract, and 
reflect its Rays. 

If therefore the Denfities of Bodies are 
equal, the Powers of Refraction will be as | 
the Quantities of fat fulphureous Particles: If © 
the Quantity of fulphureous Particles are equal, 
thefe Powers will be as the Denfities of the — 
Bodies; and, if neither are equal, they will 
be ina compound Proportion of the Quantities 
of Sulphur and the Denfities: And as this — 

iS 


a 


Chap. Jott P roperties.. of. Light é 32h 


is agreeable to: Experience, fo it is dlfo an 
obvious. Confequence of. that peaked we 


have fo long; dwelt on. 


§ 27. By owhat Law this attragive: dnd 


repulfive Power operates in _vefracting and 


reflecting the Rays of Light, is not’ fo ealy to 
determine exa@ly, for ‘waht of’ /fufficient 
Data, founded on Experiments. This much 
however is certain, “that'\as. Attraction is 
ftronger in {mall Magnets than in great’ ones, 
in proportion to their Bulk, and Gravity is 
greater in the Surfaces of Small Planets than 
in thofe of great ones, in proportion to: their 
Bulk; and fmall Bodies are agitated much 
more by elestric’ AttraGtion than great ones; 
fo the Smallnefs of the Rays of Light may 
contribute» very much ‘tothe Power ofthe 
Agent by which cate are refracted and tee 
flected. 

It is. ' ficther cele that this attractive 
Power which acts upon Light is infinitely 
ftronger than: the Power of Gravity: This will 
appear, if we confider that Sir Isaac’ New- 
ton has demonftrated, ‘that all Bodies attra& 
one another by the Force of Gravity, and that 
the attractive Forces’ of? two Homogeneal 
Spheres, upon ‘Particles of Matter placed very. 
near their Surfaces, are:to each other in pro-« 


portion as the Diameters of the Spheres; that 
Js to fay, if a refracting Medium be {pherical, 
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and .of the. fame Denfity as. the Earth, the 
Earth’s:-Force of Attraction near its Surface, 
will exceed the Medium’s Force near its Sur- 
face, as'much as the Diameter sof the Earth 
exceeds the Diameter of the Medium; or almoft 
infinitely with tefpect_to human. Conceptions. 
Yet we obferve, that a Cannon-Ball. juft thot 
from: the Mouth of a Cannon, is fcarce fenfibly 
deflected: towards;the: Earth by» its Attraction, 
and. the leaft ‘Particlesof the! Bally if. it was 
feparate: fromthe) reft, would ;be:no more 
deflected than the wholes) becatfe: Gravity 
makes Bodies of all: Sorts and: Sizes defcend 
with the fame -Swiftuels;. by affecting : them 
alike, whether joined® or feparateds \ ‘There- 
fore a Particle of Light, which, as has been 
fhewn; moves, -I):may fay, infinitely; quicker 
than a Cannon-ball, would be infinitely lef 
bent than the Particle of the Ball by the! At- 
traction of the whole Earth, and ftill infinitely 
lefs than this laft bending, by the ‘Attraction 
_ of the! {fpherical Medium, which:was' fhown to 
be infinitely weaker than’ that, of the Earth. 
But, in. fact, we find it is far otherwife;'a Ray 
of Light is very fenfibly bent or! refracted by 
the Action’ of the: Medium; and therefore it 
mutt be affected by fome other Power -of the 
Medium, which, near-its Surface, ‘is infinitely 
ftronger.than the. Power of Gravity: And, 
tho’ we are not .able to determine the o 
aw 
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Law of ,this refrattive Power,\-or the Degrees 


of its Force at given’. Diftances from the 
refracting Surface ;. yet, fince we find that, the 
Effects. of Gravity, which. decreafe..as the 
‘Squares of the Diftances’ from the Centre 
increafe, are very fenfible at great Diftances, 
we may conclude, that the ,refractive. Power 


ofa Medium,, which, at its Surface, we find 


is infinitely {tronger than! Gravity, and. yet 
vanifhes at a very fmall.Diftance: from it, 
decreafes much quicker, or in a much. greater 
snopes than Gravity-does.., - 


4, 28. The, Laft \ Property of Light 


which I halt mention confifts is the Diverfity 


of its Rays;. for Light. is not.all fimilar and’ 


homogeneal,. but compounded of heterogeneal 


and. diffimilar Rays, fome of which in, like 


Incidences being more refrangible,. and others 
lefs refrangible ; 5 and thofe which are. moft 
refrangible are alfo moft reflexible, and ac- 


a 


cording gs they differ in Refrangibility and 


Reflexibility, they are endowed with a Power — 
of exciting’ in’ us Senfations of. different — 


Colours, 

§ 29. This Meandocath Brome og Light 
was, in the Year 1666, firft difcovered “by 
the incomparable Newton, and afterwards 
publithed in the Philofophic Tranfactions, anno 
1672, where he alfo gaye a fmall Specimen of 
the Experiments he made for, confirming his 


Dedirine : att 
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Doctrine ; but, at that Time, there were feveral 
learned Men who, being prejudiced in favour 
of other Theories, could not at firft relifh 
this new Dodtrine; nor the Experiments and 
Reafonings on which it was founded; and 


therefore formed Objections againft it. All 


which NewT own anfwered fo effectually, that 
no Place was left for any Doubt or Difficulty, 
in fo much that the learned Gast on PaRDEES 
himfelf, tho’ one of his principal Adverfaries, 
was fo candid as to acknowledge, in his laft Re- 

ly, that he was then intirely fatisfied with 
fe Doétrine. His Words are» Omnino mihi 
fatisfecit novifima Refponfio a Domino New- 
TONO ad meas inflantias data ; noviffmus 
ferupulus, qui mili herebat circa  experi- 
mentum crucis penitus fuit exemptus; -atque 
junc plane ex figura ipfius intelligo, quod non 
antellexeram ante; experimentum perattum cum 
fuerit ifto modo, mil habeo quod in eo defiderem 
‘amplius, And this I here take notice of to 


the Honour of this learned Philofopher, who | 


hereby has fet us an Example of yielding to 


Truth, and avoiding vain Difputations and end- 


lefs Wranglings, worthy of our Imitation, 

. After that, in the Year 1704, the fame 
great Man propofed the fame Doatrihe more 
fully, in his beautiful Treatife of Optics, and 
confirmed it with great Variety of convincing 
Experiments ; the reading of which we mut 


EE Ee Oe ee ee ee ee ee 


therefore recommend to all thofe who would 
be — 


eS 
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be fiilly fatisfied in the Nature of ‘Light and 
Colours; for, before him, all the World be- 
lieved that Light was fimple and uniform, 
without -any Difference or Variety: in its Parts, 
and that Colours were nothing elfe than cer- 
tain Changes or Modifications of Light caufed 
by Refractions, Reflections and Shaddows> : 
fo that they afcribed the Difference of Colouts 
intirely to the different Textures of Bodies 
producing different. Modifications in the Rays 
of Light, and not to any original Difference 
in the Rays themfelves, which they fuppofed 
perfectly homogeneal and fimilar: But this 
great Philofoper, to whom we are indebted 
for almoft every Thing that we know with 
certainty concerning the Nature of Light and 
Colours, has demonttrated beyond all Dif — 
pute, 

§ 30. 10, That Lights which differ in 
Colour differ alffo in Degrees of | Refrangi- 
bility. ~ 

re That the Light of the Sun, notwith- 

_ ftanding its uniform Appearance, confitts of, 
Rays differently refrangible. 

3tie, That thofe Rays, which are more 
refransible than others, are alfo more re 
flexible. 

4to, That, as the Rays of Light differ in 
Degrees of Refrangibility and Reflexibility, fo 
rey alfo differ im their Difpofition to seer 

thus 
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_ this or that particular Colotir ;. and’; that Co 
- lours are not’ Qualifications of Light,. derived 
from Refractions or © Reflections » of> natural 
Bodies, as was generally believed; but original 
and connate Properties, which, in-divers Rays 
are, divers, fome Rays;-being difpofed. to 
exhibit. a red. Colour,, and no other, fome 


a Yellow, and no other, ‘fome a Green, and . 


no .other, and fo of the Reft of the prif- 
matic Colours. _ Nor are there .only Rays 
proper and particular to. the more emi- 


nent prifmatic Colours, but even to all their — 


intermediate Gradations, —. 

_ sto, That the Light of the Sun cofihiis of 
Violet-making, Indigo-making, Blue-making, 
Green-making, . Yellow-making, Orange-ma- 
king, and Red-making Rays; and all thefe are 
different in their Degrees of Refrangibility and 


Reflexibility ; for the ‘Rays which produce f 


red Colours, are leaft refrangible, andthofe 


that make the Violet the moft, and the reft — 


are more or lefs refrangible as ‘they approach 
either of thefe Extremes, in the Order we have 
mentioned them; that.is, Orange is’ leaft re- 
frangible next to Red, Yellow next to Orange, 

and fo on: So that to the fame Degree of 
Refrangibility there ever belongs the fame 


Colour, and to the fame Colour the fame De- | 


gree of Refrangibility; and this Analogy. be- 
ftwixt Colours and Refrangibility is very percife 
and 
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an dftrick, the Rays always either exactly agree- 
ing/in¢ boty or ht bata reas in both: 
For,’ 

) 620, ° Every: Hidtiogéneal Ray, : . fonGaeed 
aparty ds’ *refracted. according to one and the 
Jame :Rule; fo thatits Sine of Incidence is to 
its Sine of ‘Refraction.in a given “Ratio; that 


is, every different coloured Ray has @ different ae 


Ratio belonging to it; what thofe! Ratio’s are, 
Newton. has alfo demonftrated by Experi- 
ments: ‘For Inftance, if an heterogeneal white 
Ray of the Sun emerges out of Glafs into Air, 
or, which is the fame Thing, if Rays of all 
Colours be fuppofed to fucceed’ one another in 
the fame Line; and their common:Sine of In- 
cidence’ in ‘Glafs be divided into. 50: equal 
Parts, »then the > Sines of Refraction’ into Air, 
_ of the leaft and. moft.refrangible Rays, will be 
77 and 78 fuch’ Parts” ‘te{pectively ; ; and fince — 
every’ Colour ‘has feveral » Degrees, the Sines 
of Reftaction of all the Degrees of Red will 
have all intermediate “Degrees * of Magnitude 
from 77 to 784; of albthe Degrees of Orange 
from774 to.772; of Yellow from 77+ to 77+; 
of Green, from 774 to.774; of Blue, frem 
77% to'77%5 of. Indigo; from 773 to 77% 
and of Violet, from: 77+ to'78. : 
7mo, The Species’ of | Colour. and eee 
_ of Refrangibility andi-Reflexibility: proper to 
‘any-particular fort of Rays is not mutable by 
Refraction, nor by oS a from na- 
tural 
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tural Bodies, nor by any other Caufe that has 


yet. been obferved.. When any one Sort of d 
Rays hath been well parted from thofe of other — 


_ Kinds, it hath afterwards obftinately retained its 


Colour, notwith{tanding: all Endeavours to q 
changeit. NewT on tefracted it with Prifms, — 


teflected it’ with Bodies, which. in Day-light 


were of other Colours; intercepted it with the — 


colouted Film of Air) interceding two com- 
-prefled Plates of Glafs; tranfmitted it thro’ 
coloured: Mediwus, and thro’: Mediums irradi- 
ated with other Sorts of Rays, and diverfly 


terminated it; and yet could never produce — 


any new Colour out of it: It would, by con- 
tracting or dilating, become more brifk or faint, 
and by-the Lofs of many Rays, in fome Cafes, 


become very obfcure: and: dark ; ‘but he could 7 


_ never {ee it changed im Specie. 


 8vo0, Yet feeming Tranfmutations of lees y 
may be made, where'there is any Mixture of 
divers Sorts of Rays; for, in fach Mixtures, — 
the component Colours appear not, but, by — 
their mutual alloying each other, conftitute a9 
middling Colour, and therefore, if by Re- — 
fraction or any other of the aforefaid Caufes, — 


the difform Rays latent in fuch a Mixture be 


feparated, there fhall emerge Colours different 2 


from the Colour of the Compofition: Which 
Colours are not new generated, but only made 


apparent A 


- _ 
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apparent by being parted ; for, if they be again 
intirely mixed and blended together, they will 
- again compofe that Colour which they did 
before Separation.. And, for the fame Rea- 
fon, Tran{mutations made by the conveening 
of divers Colours are not real; for, when the 
difform: Rays are again fevered, they will 
exhibit the very fame Colours which they did 
before they entered the Compofition, as we fee 
bluednd yellow Powders, when finely mixed, 
appear to the naked Eye green; and yet the 
Colours of the component Corpufcles are not 
thereby really tranfmuted, but only-blended ; 
for, when viewed with a good Microfcope, 
. they ftill appear blue and yellow interfper- 

fedlys.iin | Nibocemod ie 
ono, There are therefore two Sorts of Co- 
lours, the one original and fimple, the other 
compounded of thefe; and all the Colours in 
the Univerfe which are made by Light, and 
depend not on the Power of Imagination, are — 
either the Colours of Homogeneal fimple Light, 
or compounded of thefé mixed together in 
‘ certain. Proportions: The Colours of fimple 
homogeneal Light, as we have faid before, 
are Violet, Indigo, Blue, Green, Yellow, Orange 
and Red, together with an indefinite Variety 
of intermediate Gradations: The Colours of 
compounded Light are different according as 
it is differently compounded of thefe fimple 
Rays, mixed in different Proportions; thus, a 
Vou. I. Ft Mixture 
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Mixture oe Yellow-making Rays and Blue- 
making Rays exhibits a green Colour, and a 
Mixture of red and yellow Rays makes an 
orange Colour; and, in general, any Colour 
the fame in Specie with the primary ones, may 
be produced by the Compotition of the two 
Colours next adjacent in the Series of Colours 
generated by the Prifm, whereof the one is 
ne mott refrangible, baa the other next leaft. 
refrangible. But thofe which are fituated at 
too great a Diftance do not fo; Orange and 
Indigo produce not the intermediate Green, 


nor Scarlet and Green. the intermediate: 
Yellow. . 7 
10mo, But the moft furpri ino and wonder- 


ful Compofition of Light is that of Whitenefs; 
there is no one Sort of Rays which alone can 
exhibit this; it is ever compounded, and, to its 
Compofition, are requifite all the aforefaid 
primary Colours, mixed in due Proportion: 
For, if the Colours made by a Prifm are, by 
means of a Lens, made to converge, and 
thereby be again mixed as they were in the 
Light before it was incident upon the Prifm,. a 
Light will be reproduced intirely and perfectly 
white, and not at all fenfibly differing from 
the direct Light of the Sun, unlefs when the 
Glaffes are not fufficienth y clear; for then they 
will-a little incline the Light fo their Colour. 
Hence therefore it comes oa pales that White- 

nefs 


Wet 
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nefs is the ufual Colour of Light; for Light 
is a confufed aggregate of Rays endowed with 
- allSorts of Colours, as they were promifcuoufly 
darted from the various Parts of luminous 
Bodies ; and of fuch a confufed agoregate, ast 
faid, is generated Whitenels, if there be a due 
Proportion of the Ingredients; but, if any 
one predominate, the Light muft incline to 
that Colour, as it happens in the blue Flame 
of Brimftone, the yellow Flame of Tallow, 
the ereen Flame of Copper opened with Sub- 
limate, the white Flame of Camphire, and 
the various Colours of the fixed Stars. 
And as Whitepefs is produced by mixing the 
Colours fevered by Prifms, fo it may alfo be 
- produced by mixing the coloured Powders 
which Painters ufe.. But #mutt be confidered, 
that all coloured Powders do fupprefs and ftop 
in them’ a very confiderable Part of the Light 
by which they are illuminated; for they be- 
come coloured, as fhall be fhewn below, by 
reflecting the Light of their own Colour more 
copioufly, and that of all other Colours more 
fparinely: And yet they do not reflect the 
Light of their own Colours fo copioufly. as 
white Bodies do. If Red-lead, for’ Inftance, 
and a white Paper be placed in. the red Light 
of the coloured Spefrum, ‘made ina dark 
Chamber by the Refraction of a Prifm, the 
Paper will appear more lucid than the eas | 
| | and. 


332 Of the Nature and Book IIf,- 


and therefore reflects the Red-making Rays 
more copioufly than the Red-lead doth ; and, 


if they be held in the Light of any other 


Colour, the Light refle&ted by the Paper will 


exceed the Light reflected by the Red-lead in» 
a much greater Proportion : And thelike hap- - 


— > 7 


pens in Powders of other Colours; and there= «— 
fore, by mixing fuch Pow ders, we-are not to - 


expect a ftrong and full White, but fome 


_ dufky obfcure one, fuch as might arife from a 
Mixture of Light and Darknefs, or from White - 
and‘ Black, that j is, aGrey or Dun, or Ruffete. 


brown (for as Whitenets arifes from a copious 
Reflection of all Sorts of Rays, as they were 


promifcuonfly darted from the luminous Body, ' 


fo BlacknefS -arifes from a. Suffocation :and. 


Suppreffion of the ificident. Light, which be=— : 


ing ftopt in the black Body is not reflected) - 


and fach dark Whites may he produced by 


mixing coloured Powders, Thus one Part of — 
Miniun and 5 Parts of viride Aris compofe a 
dun Colour, like that of a-Moufe; for thefe - 

_two Colours were feverally fo compounded of | 


others, that in both together were a Mixture 
of all Colours: And lefs Red-lead muft be 
wfed than viride féris, becaufe of the Fullnef§ 


of its Colour; but the Experiment will fuce — 


ceed better, if to Orpiment be added alittle full 
bright Purple ufed by Painters, until the Or- 
pines ceafe to be yellow, and become of a 


pale 


Ss 
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pale Red, and that Red be diluted by adding 
a little viride Aris, and alittle more blue Bife 
‘than viride “Eris, until it becomes of fuch 
a grey or. pale White as verges to no one 
of the Colours more than to another: Forthus 
it becomes of a Colour equal in Whitenefs to 
that of Afhes, or Wood newly cut, or of a 
Man’s Skin; but to aflion the Proportions. of 
_thefe Ingredients accurately may be difficult, by 
Reafon of the different'GoodnefS of Powders 

of thefame Kind. . : | 

Now, confidering: that thefe grey and dun 
Colours may be alfo produced by mixing Whites 
and Blacks, and*by confequence differ from . 
perfe& Whites, not. in Species of Colour, but- 
only in Degree of Luminoutneds, itis manifett, 
that there is nothing more requifite to make 
them perfectly. White than to increafe their 
Light fufficiently: And, on the contrary,: if 
by increafing their. Light they can be brought 
to perfect Whiteneds, it will thence alfo follow, 
that they are of the fame Species of Colour 
with the beft Whites; and this has been tried 
as follows :°  .) + | 
Rub. fome of the. above mentioned ‘grey : 
Powder: thickly upon the Floor, where the 
sun {hines upon it; and by it, in the Shadow, 
lay a Piece of white Paper of the fame Big- 
nefs; at the Diftance of about 12 Feet, the 
Powder will appear intenfely white, fo as 
even to tranfcend the Paper itfelf in Whitencfs, 
; efpecially 
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efpecially if the Paper be a little fhaded from 


the Light of the Clouds; and then the Paper, 


compared with the Powder, will appear of 


fuch a grey Colour as the Powder had done 
before; but, by increafinge or diminifhing the 
Lights wherewith the Paper and Powder are 


—— Oe -_ - 


illuminated, they may be brought to that Pro- — 


portion -that they fhall beth appear exactly 


alike in Whitenefs, in fo much that being | 
both good Whites, no Body can fay which is _ 
beft, nor wherein their Colours differ.: Now, — 


if we confider that this White of the Powder 


_. In the Sun-fhine is compounded of the Colours — 


which the component Powders have in the — 
fame Sun-fhine, we muft acknowledge that — 
perfect Whitenefs is sa eens of Co- 


. lours. 


Irmo, As Whitenef i is produced by a copi 
ous Reflection of Rays of all Sorts of Colours, | 
‘when there is a due Proportion in the Mixture, — 
as in the direct Light of the Sun; fo, on the 


contrary, Blacknefs is produced by a Suffoca- 
tion and Abforption of the incident Light, 
which being {topped and fupprefled in the 


black Body, is not reflected outward, but en- 


ters the Body and is often reflected and refracted 
within the Body, until it be ftifled and loft. 


Whence it is eafy to fee, why all Shadows, — 


even « thofe. caft upon white Paper; or 


other white Bodies, are always more or lefs — 


black, 
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black, according as lefs or more Light is re- 
flected upon them from other Bodies about ; 
for Shadow and Blacknefs are near a-kin, and 
Shadow, we know, is buta Privation of Lights, 
Blacknefs therefore feems to proceed from | 
the want of Rays reflected from the black Bo- | 
dy to: the Eye; but the Bodies we call black, 
as Marble, Jet, dv. are not perfectly fo; 
for, if they were, we fhould not fee. them at 
all. . 

From this alfo we may. fee, why, ‘of all Bo- 
dies, black ones are fooneft and moft ftrongly 
heated, and take fire fooneft; whereas, of all 
Bodies, white ones are lateft ae leaft. heated, 
and are longeft in taking fire; for, by thi 
frequent Reflections and Refractions which the 
Light fuffers within the black Body, its Parts 
are foon put into thofe vibratory Motions 
wherein Heat and Fire confift; but by one. 
Act of Reflection white Bodies ‘fend. back all. 
the Light incident upon them, and_ therefore 
are not fo quickly nor fo ftronely heated, and 
are much longer in taking fire. 

Agreeable to this DeSuine, we find, that black 
Cloth dries: much fooner than white; black 
garden Walls are hotter than white ones; the 
Fire {truck from a Flint by Steel prefently kindles 
a black half burnt Rag, but does not at all kindle 
a white Rag; black Charcoal burns prefently, 
whereas the fame Wood, before it is reduced 

ta 
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to Charcoal, does not kindle but with 4 
ftronger Fire; Gun-powder eafily takes Fire, 
by reafon of the black Charcoal that enters its 
-Compofition ; whereas, without the Charcoal, 
it would not burn fo eafily; a Candle whofe 
Wick is burnt to Blacknefs is eafily lighted af 
ter it has been put out, but a Candle that has 
never been lighted does not take Fire fo foon. 
The famous Mr. Borie made a concave 
Speculum of black Marble, but he could not, 
in a long Time, fet a Piece of Wood on. fire 
with it; but white Bodies reflec almoft all the 
Light incident upon them; and therefore con- 
cave Specula made of white Metals burn ve- 
hemently in their Focus, where the Rays are 
congregated ; but, if fuch a Speculum be 
blacked over with the Smoak of a Lamp, it 
will not then reflect any fenfible Heat or Light 
to the Focus, nor will it rarify the Mercury in 

the Thermometer when placed there; but the 
‘Speculum itfelf will foon be heated: by theRays 
that are ftopt and ftifled at its Surface. It 
isfor this Reafon, that black Earths, like other 
_black Bodies, are much hotter than white 
Earths ; but white Earths, by reflecting moft 
of the incident Light into the Air, heats it ex- 
tremely ; whence the Ifland Ormus is fo vehe- 
mently hot from the ftrong Reflection that is 
made by its white Mountains. 
: Thefe 


' 
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Thefe Things being confidered, the Manner 
how Colours are produced by the Prifm is evi- 
dent ; for of the Rays conftituting the incident 
Licht, fince thofe which differ in Colour, propor- 
tionally differ in Refrangibility, they, by their un- 
equal Refractions, mutt be fevered and difperfed 
into an oblong Ferm, in an orderly Succeffion, 
from the leaft refracted Scarlet to the moft 
refracted Violet: And for the fame Reafon 
it is, that Objects, when looked upon thro’ 
a Prifm, appear coloured ; for the difform Rays, 
by their unequal Refractions, are made to di- 
verge towards (everal’ Parts of the Retina, and 
there exprefs the Images of Things coloured, 
as in the former Cafe they did the Sun’s Image 
upon a Wall. And by this Inequality of 
Refractions they become not only coloured but 
alfo very confuled and indifting. 

Why the Colours of the Rain-bow appear 
in falling Drops of Rain is alfo from hence 
evident; for thofe Drops which refract the Rays, 
difpofed to appear Purple, in greateft Quantity 
to the Spectator’s Eye, refrat the Rays of 
other Sorts fo much lefs, as to make them 
pafs befide it; and fuch are the Drops on the 
Infide of the primary Bow, and on the out- 
fide of the fecundary or exterior one. And 
thofe Drops which refract in greateft Plenty 
the Rays apt to appear red toward the Specta- 

tor’s Eye, refract thofe of other Sorts fo much 

Vou. I. Un more 


ae Of the Nature and Book Il. 


more as to: make them pafs befide it; and fuch 
are the Drops on the exterior Part of the pri- 
mary Bow, and the interior Part of the fecun- 
dary Bow. 

The odd Phenomena of an Infufion of ates 
Nephriticum, Leaf-gold, Fragments of colour- 
ed Glafs, the F cathers i a Dove’s Neck, and 
a Peacock’s Tail, and fome other tranfparent- 
ly coloured Bodies, appearing, in one Pofition, 
of one Colour, and of another in another, are, 
on thefe Grounds, no longer Riddles; for 
thofe are Subftances apt to tefleét_ one Sort of 


Light and tranfmit another; as may be feen in — 


a dark Room by illuminating them with fimi- 
lar or uncompounded Light; for then they ap- 
pear of that Colour. only. with which they are 
illuminated ; but yet in one Pofition more vivid 
and luminous than in another, accordingly as 
they are dilpofed more or lefs to reflect or 
tran{mit the incident Colour. 

From hence alfo is manifeft, the Reafon of 
an unexpected Experiment which Mr. Hook, 
in his Micrographia, tells us, he made with two 
Wedge-like tran{parent Veflels, filled the one 
with a red, the other with.a blue Liquor, 
namely, that tho’ they were feverally tranfpa- 
rent enough, yet, both together, became. o- 
paque ; for, if one tranfmitted only red, and 
the other only blue, no Rays could pafs thro’ 
both. 

Many 
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Many more Inftances of this Nature might 


_ bé added ; but I fhall conclude with this gene- 
ral one, namely, that the Colours of all natu- 


yal Bodies have no other Origin than that they 


are varioufly qualified to reflect one Sort of 


Light in greater Plenty than another. This 
hath been experimented in a dark Room by 


‘illumihating thofe Bodies with uncompounded 


Light of divers Colours; for,- by that means, 
any Body may be made to appear of any 


Colour; they have there no appropriate Colour, 


but ever appear of the Colour of the Light 
caft upon them ; but yet with this’ Difference, 
that they are moft brifk and vivid in the Lights 
of their own Day-light Cplour: = Miniun ar- 
peareth there of any Colour indifierently with 
which it is illuftrated, but yet moft luminous 
in red; and fo Bite appeareth indifferently of 
any Colour with which it is illuftrated, but 
yet moft luminous in blue; and therefore Mi- 
nium reflecteth Rays of any Colour, but moft 
copioufly thofe endowed with red; and confe- _ 
quently, when illuftrated with Day-light, that 

is, with all Sorts of Rays promifcuoufly blen- 
ded, thofe. qualified with red fhall abound moft 
in the reflected Light, and by their Prevalence 
caufe it to appear “of that Colour. And, for 
the fame Reaton, Bife reflecting blue fibtt Co- 
piouflly fhall appear blue, by ‘the Excefs of 


 thofe Rays in its refletted Light; and the like 


of 
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of other Bodies, And that this is the intire 
and adequate Canfe of their Colour, is mani- 
feft; becaufe they have no Power to change 
cr alter the Colours of any Sort of Kays inci- 
dent a-part, but put on all Colours indifferent- 
ly with which they are enlightened ; and there- 
fore, were there no Diverfity of Rays, there 
could be no Diverfity of Colours, and all the 
Bodies in the World would be of one fimilar 
(colour. 

This is a Sketch of whe New on hath - 
difcovered on this Head; for a full De- 
monftration whereof I mutt refer the Reader 
to that furprifinely beautiful Treatife of Optics 
wrote by himfelf;, for it is impoffible to 
feparate the Parts of this Work from one 
another, without Difadvantage to them, or to 
{um them up in lef Room, without lofing 
many Things both afeful and entertaining. 
That great Philofopher haying, in his Prin- 
cipia, fhewn how far Numbers and Geometry 
would go in Natural Philofophy, has, in his 
Optics, “‘manifefted to the World to what fur- 
prifing Height. even vulgar Experiments, duly 
managed and carefully examined, in fuch 
Hands, may advance it; for, to the Honour of . 
tHis ereat Man, it is to be obferved, that he 
was led to all his Difcoveries in Optics, as hi 
himfelf tells us, oy obferving the oblong Form 
of the Sun's colour rea Image caft upon the 
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Wall of a dark Room, by means of a Prifm 
placed at a Hole in the Window-fhut. This 
was an Experiment at that Time well known 
to all Naturalifts; but it was referved to New- 
TON to difcover, and, by his fuperior Skill 
in Geometry, to demonttrate, againft all his 
Adverfaries, that this Image, on the old 
Principle of. an equal Refraction of all the 
Rays, ought to be circular; and confequently, 
that this oblong Form proceeded from a 
different Refranpibility of the Rays whereof 
the Sun’s Beam confifted, by Means of which. 
Refrangibility the Rays of different Colours 
were feparated from each other, and exhibited 
a Part in the oblong coloured SpeGrum.: And, 
having made this fundamental Difcovery, he 
alfo confirmed it by Experiments, and was 
thereby led to contrive many other Experi- 
ments by which he has opened the whole 
Mytftery of Light and Colours; as may be feen 
in the aforefaid Treatife of Optics. ie 
§ 31. This Difference of Refrangibility in 
the Particles of Light argues a Difference like- 
~wife in their Magnitude; for, fince one and 
the fame Caufe, viz. the Attraction of the 
Glafs, acting upon them all with equal Force, 
and under like Circumftances, produces un- 
equal changes in the Directions of their Mo- 
tions, it muft needs be that they move with 
unequal Forces; and confequently, that their — 
Quantities 
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Quantities of Motion are unequal; which 
Inequality of Motion can arife from nothing 
elfe but the different Size of the Particles, in 
cafe they all move equally fwift, and are all 
equally folid, as is generally fappofed : Con- 
fequently, the Particles of Light, which differ 
as to Colour, differ alfo in Magnitude; thofe: 
of Violet being fmalleft, and the Particles of 
other Colours increafing continually one above 
another, as they are» more and more re- 
moved from the Violet, *and approach 
nearer to the Red, whofe Particles are the 
largeft of all. — 

a 32. And here it will not be improper to 
obferve, that the red Particles, being of all 
the .largeft, they muft, on that Account, 
ac&t with the ereateft Force, and excite the 
{trongeft Vibrations in the nervous Coat of 
the Eye; which may be one Reafon why 
Reds produce a ftrong Senfation, and are 
found to be more offenfive to the Eyes than 
any other Colour whatever; and the violet 
Particles being the leatft, mutt, on that Ac- 
count, excite the weakeft Vibrations, aid 
confequently produce only a_ weak, faint, 
dark Colour; but the green Particles, being: 
ef a Size equally diftant from both thefe 
extremes, mu{t, by exciting Vibrations of a 
middling Strength, produce a Colour fufficient- 
ly ftrong and bright, while at the fame time 
| it 
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it does not offend the Eye by its too. great 
Strength and. Vivacity: And this. is the 
- Reafon why green Colours have in all ‘Limes 
been aftcemed ufeful to comfort, itreng then 
and preferve the Sight. 

§ 33. This Dottrine . receives {till fome 
further Confirmation from a remarkable Ex- 
periment which I find taken notice of by the 
famous Monf. de /a Hire, inhis Differtation © 
Jur les differens Accidens de la Vue, publifhed in 
the Year 1694; the Experiment is as follows: 

After having looked .a fhort while at the 
Sun, fhut your “Eyes, and you fhall, for fome 
time after they have been  fhut, {till continue 
to fee his Image, whofe Brightnefs diminithes 
little by little, “and puts on fucceflively Colours 
lefs and lefs bright and lively ;, for, immediate- 
ly after your Eyes have been fhut, the Image 
appears of a red.Colour, but, in keeping the 
Eye {till fhut, it appears yellow, then green, 
afterwards blue, and at laft violet; but if 
the Eyes are kept open, thefe. Colours will 
appear different, becaufe, compared with others 
which are feen at the fame time in Bodies 
that furround them, and becaufe of their. 
Mixture with them, as. is eafy'to underftand ; 
for it is certain that what appears white, 
for Inftance, when the Ground is black, may 
appear black or brown when. the Ground is 
Bite 5 and thefe Colours which appear yel- 

low 
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low or blue, when the Eyes are fhut, will 


appear green, if one looks at a blue or yellow — 


Body; for Experience teaches us, that a 
Mixture of thofe two Colours forms a 
Green. ; 

Now, thefe apparent Colours which are feen 
after having looked at the Sun, can proceed 
from nothing but the too violent Agitation 
excited in the Retina, by the Rays of Light, 
and their Continuance for fome time after the 
Eyes are fhut, can flow from nothing, but 
that thefe Treniors or Agitations are of a laft- 
ing Nature and do not prefently perifh, but 
continue for fome time, {till growing weaker 
and weaker, till they at laft vanifh: And, fince 
the Colours connected to thefe Tremors or 


Vibrations are fucceffively changed, as the Vi- — 


brations grow weaker, from Red to Yellow, from 
Yellow to Green, from Green to Blue, and 
from Blue to Violet, in the Prifmatic or- 
der; it follows that the Senfation of Red pro- 
ceeds from a ftrong Agitation excited’ in the 


Retina, that of Yellow “from a weaker, and . 


that Sr Green, Blue and Violet from others {till 
weaker and weaker; and confequently, that 


the Red-making Rays are the largeft, the 


Violet-making the leaft, and the feveral in- 
termediate Sorts of Rays of feveral ‘inter- 


mediate Degrees of Magnitude’ as has been — 


above explained. 
S34. 
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§ 34. As this Doctrine j is agreeable to Rea- 
fon, fo it alfo feems to have been the Opi- © 
_nion of our great Philofopher, His Words 
are: “ Nothing is more requifite for produ- 
_ “ cing all the Variety of Colours, and De- 

«© grees of Refrangibility, than that the Rays 
<< of Light be Bodies of different Sizes, the 
« Jeaft of which may make Violet, the weakeft 
<* and darkeft of theColours, and be more 
 eafily. diverted by refracting Surfaces from, 
their right Courfe; and the reft, as they are 
bigger and bigger, may make the {tronger 
and-more lucid, Colouts, Blue, Green, Yellow 
< and Red, and be more and more difficultly | 
<< diverted 14 (NEWTON Optic. Quer...29.) 

§ 35..Lo this it has been Jately chjetted, 
by the ingenious Mr. Meznyiti, in the. 
Edinburgh Effays Phyfical and. Liters ‘ay, Vol, tig 
that, ‘* if there be any. Analog between 
*¢ Gravity and the refra@ive Power, it will 
*€ produce equal perpendicular Velocities in all 
«Particles, . whatever _ their Magnitude OF 
“ Denfity be, and fo, all Sorts of Rays would 
« be ftill equally refrangible; whence he thinks 
“« it a more probable Opinion, that the differ- 
«‘ ently coloured Rays are propagated with 
«© different Volocities from the luminous — 
66 Body, theRed with the greateft, Violet with 
«© the ‘eatt, and the intermediate Colomrs 
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« with intermediate Desrees of Velocity.” 
But the Anfwer to this is “ealy : For, 

Firjt, Tho’. there is fome Analogy. between 
Gravity and this refractive Power, both being’ 
the Effects of Attraction, yet the Laws by 
which thefe Attractions are governed, are fo. 
widely different, that there cannot be the leaft 
Doubt, with any body who fhall confider what. ~ 
has been already faid of thefe Laws, that tho? 
Gravity produces perpendicular. Velocities, 7 
which to Senfe are equal in all” Bodies, 
whatever their Magnitude or Denfity | be; yet, 
if the Rays of Light be Bodies of » different 
Sizes, the attractive Power of the. ‘refracting 

Medium, which, near its Surface, is infinitely — 
{tronger than Gravity, and yet vanifhes at a 
very {mall Diftance from it, muft.in them 
produce different perpendicular Velacities, fill — 
the greater Velocity the fmaller the Particle 
be. And as this is a fufficient Anfwer tothe j 
Objection formed againft Newton’s Do- — 
ctrine, fo, on the other Hand, the Hypothefis 3 
which’ eur Author himfelf embraces feems 
‘very improbable: For, 4 

Secondly, It is’a ‘very. difficult’ “Matter to 9 
‘conceive how the Particles of Light, fuppofing — 
them'‘to he of the fame Magnitude.and Denft a 


ty, fhould’ be emitted With different Velo- , 


‘cities from the fhining Body: T hey are fup- y 
| poted to be emitted from the fhining Body — 


by 4 . 
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by the sabbatina Motion of the Parts of the 
‘Body, and fo foon’ as they get beyond the 


_ Reach of its Attraction, they 2 ate fuppofed to 
“be driven’ forwards with exceeding great Ve- 


locity by the repelling Force of the Body : 
But thefe Caufes acting uniformly, ought to 
produce equal, Velocities in all the Rays; ; nor 
does it feem poffible to affign any other Caufe 
whatever that fhould make them move’ with 
different Velocities; for, to fuppofe that the fame 
Caufe acting. uniformly fhould produce differ- 
ent Effects on fimilar Subjects, in fimilar Cir- 
‘cumftances, to me feems not much lefs abfurd, 
‘than that any thing fhould happen without 
‘any Caufe at all... 
~~ Thirdly, Another. Objection to this Hypo- 
thefis arifes from what our Author himfelf 
" propofes for examining his’Theory. His Words 
are: “ The Time which the extreme Violet 
** takes to move thro’ any Space muft be to 
«that which the Red takes 4s 78 to77. If 
<< Fupiter be fappofed ma quadrate Afpect 
_ € with the Sun, ‘in which Cafethe Eclipfes of 
« his Satellites are moft commodioufly obfer- 
_ -« ved, his Diftance from the Earth being nearly 
A equal to his Diftance from’ the Sun, Light 
* takes about 41 Minutes of ‘Time in paftin ng 
‘from’ him™~to ‘the Earth-;* therefore the 
«Taft Violet’ Light which a’ Satellite reflects, 
= before its ‘total PICKED 3 in "the: Shadow 
BA “¢ of 
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«of Fipiter, ‘ought to continue to effect the q 

«« Eye for a 77th Part of 41’ or 32", after 
“® the Red, reflected at the fame time, is — 
“< gone; that is, a Satellite, feen from the 


<¢ Earth ought to change its Colour above half q 


© 


wn 


a Minute before its total Immerfion, from 
white to a livid greenifh Colour, thence 
“ into Blue; and, at laft, vanifh in Violet: 
© And the fame ecepatean fhould take Place 
“ in the time of Emerfion, by a contrary 
Succeffion of Colours, beginning with Red | 
“and ending in White. ” Then he adds, “« 
“‘ If this Phenomenon fhould be actually per- 
“ ceived by Aftronomers, we fhall have a 


66 


_. © fufficient direct Proof df the different, Ve- 


“ focities of the coloured Rays; for I fee not 
“« (fays he) to. what other Caufe the Pheno- 
<< menon could be rationally afcribed; if it be 
not, we may conclude, that Rays of all 
2 Colours are emitted and reflected with one 
‘* common Velocity. ” 

So far this ingenious Gentleman, with whom. 
I agree in every Particular ; but muft be for- | 
given to obferve, that the Silence of all Aftro- 
nomefs, with regard to this Phenomenon, makes 
it evident, that it does not take place; for 
fuch a remarkable Phenomenon could not have 
mift been obferved by them, and, if it had 
been obferved,they no doubt, would have pub- 
lithed it to the World when writing on that 

Subject ; 


rs 


“ 
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Subject: Since therefore this Phenomenon does 

not take place, we may from thence fafely 
“conclude, that Rays of all Colours are emitted 
and refleéted with ohé common Velocity, and 
that all the Variety of Colours, and Degrees | 
Of Refrangibility, proceed from nothing elfe 
_ but the different Sizes of the Particles of Light; 
agreeable to the Newtonian Doctrine above ex- 
plained. A | 


Ch WP HE 


Of the Manner of Vifion, and the Ufe of the 
| féveral Humours of the Eye. 


Sect. 1. FPAVING, as -breifly as was 
poffible explained fuch of the 
fundamental Properties of Light as may be of 
 Ufe for underftanding the Manner ‘and mani- 
fold Phenomena of Vifion, the Order pro- 
pofed now leads us to confider how Vifion is 
performed, to inquire into the Ufe of the 
feveral Parts of the Eye concerned therein, 
_ afid to account for its various Conformations 
in various Animals. 

SST ee For 
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For explaming ;Vifion, many, Hy pothefes | 


have been. invented by. Philofophers.” ~The 
‘Stoics imagined, that certain vifual Rays wetlt 
from the. Brain thro’ the optic Neryéand Eye, 


and from thence to the Object, and there jut 


like a. blind Man’s Staff, fell out the Figure, 
Colour and, Dimenfion of the Object. ‘CHRY- 


“SIPPUS was.one of the great Patrons and Pro- 
pagators of this Hypothefis; but others of the © 


fame Sect thought, that nothing Material, fuch 
as vifual Rays or Spirits went out of the Eye, 


but, which is yet more grofs and ridiculous, — 


only a-perceptive Power or--Faculty, like -what 


the Vulgar imagine to proceed from the Load- — 
{tone, by which they fuppofe it acts upon Iron. 


ata Ditftance. 


The Pythagorcans believed, that there. went 
fome vifual Species out of the Eye to the Ob- — 


ject, which, likea Ball thrown againft a Wall, 
were immediately reflected back.-again from 
thence to the Eye, and fo produced “Vifion. 


Errevrus, Lucretius, and Leucrp- 


asa afferted,, that. the. Senfe of Vifion was 
pr oduced bya continual fucceffive Emanation 


-of material Images, which. they fuppofed were _ | 
-conftantly emitted to the Eye from the Ob- — 


ject, and which, at. their firft, Emiffion, are 


-wery. great, and decreafe continually the further 


they go, till they arrive at fuch a Smallnefs, 
as. will permit them to enter the Eye, 


that 


Pe ee: a 
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that the’ “Mind: may perceive them. '‘DEMo-= 
cRiITus was alfo much of the fame Opi- 
‘nion; only” he thought ‘that: ‘thefe Species 
ot Images ‘did not enter: the! Eye ‘itfelf, - but 
produced™ Vifion by falling on its’ TRIOS and 
| equal Sattucen coer 
“Plato fappofed, that; both ie the Bye 
and the Object, there came fubftantial Efflw- 
via, which, meeting with one another *Mid- 
way, embraced one another, then returned, 
and-made their Report to the Eye, and fo to 
the Mind, for caufing'the Senfe of Seeing. | 

ARISTOTLE, that famous Philofopher and 
firft Founder of the Peripatetic Sect, after 
having, refitted ‘the Opinion of Prato and 
the other Philofophers ‘that went before him, 
afferts, that: Coloursii which with “him are 
Qualities of the Object, do move thé'tranf 
parent Medium as that does the Eye, and there- 
by communicates their Images‘to the Brain, 
or common Senfory: Yet Gat EN, that great 
Difciple’ of ‘Artstofer, from: whom he 
borrowed’ ‘moft “ of.“his’ Philofophy.) rejects 
this Opinion, and“ Sather suites that of 
‘PLato. sect 

Des CarTFs figadey vaGOH iS © performed 
by bare Motion only;’ without ‘any’ material 
‘Emanation ‘from the Object; but only - that 
the Light (which with him alfo isnot a Body, 
but the Motion of the finer Parts of the Me- 


dium) 


pear 


ee 


judge accordingly. 


Thefe are the principal Opinions that have 4 
been invented for explaining Vifion. But it — 
is impoflible to put them in a full good Light 4 


without taking up too much Time, which we 
- are unwilling to do, efpecially fince now they 
are all rejected as erroneous. 


§ 2. That we may therefore give: fome more _ 


fatisfying Account how this noble. Senfe is 


produced, we “ty Peni est aR 


Lemma 


LEMMA. 


WH. leey the Rays. which come ‘gal all Pe paises | 

_ of any Objet meet again in fomany Points, after j 
they have been made to converge by: Refraction, — 
there they will make a Pidure of the Oipedt upon — 


_ any white Body.on which they fall. 
Demonstration. Let PR. (PLarE 1. 


Fig. 22.) reprefent any Object without Doors, 
and AB be a Leus placed at a Hole in the — 
Window-fhut of adark Chamber, wberehy the P 

ays — 
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dium) movesthe Eye juft after thefame Mane ; 
ner as the: Object is fuppofed to hav deter- 
mined it, which Motion. is. continued, alas, the © 
optic Nerve up into the Brain, where it moves — 
the Conarion, or Glandula Pinealis, with ‘him the — 
— Seat of the Soul, and by that means produces } 
internal Senfation, and, enables the, Soul to — 


a 


ws 


a ae 
ae y, 
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Rays that come from any Point Q of that 


“Object are, by the refractive. Power of the 
Glafs, turned out of their ftreight Courfe, and 


made to converge and meet again in the Point 


qs if a Sheet of white Paper ‘be held at q for 
the Light there to fall upon it, the Picture of 


that Object PR will appear upon the Paper in 


its proper Shape and Colours. For asthe Light 
which comes from the Point Q goes to the 
Point g; fo the Light which comes from the 
other Points P and KR of the Object will go to 
fo many other correfpondent Points p and r (as 
is manifeft from the Laws of Refra@ion above 
explained.) So that every Point of the Ob- 
ject fhall illuminate.a correfpondent Point of 
the Picture, and thereby make a Picture like 
the Object in Shape and Colour, this only ex- 
cepted, that the Picture fhall be inverted. 

And this is the Reafon of that vulgar Experi- 
ment of cafting the Species of Objects from 
aboard upon a Wall or Sheet of white Paper ih a 
dark Room; which istherefore an experimental 
Proof of the Truth of this Lemma. 

§ 3. Now this Reprefentation of Objects 
upon a Sheet of white Paper, by means of a 
Lens placed at a Hole in the Window-fhut 
of a dark Room, is perfectly fimilar to what 
happens in our Eyes when we view. Objects ; 
for Vifion, in fo far as our Eyes are concerned, 
confifts: in nothing but fuch a Refraction of 

Vor I. Y y¥ svneo othe 
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the Rays of flights by the tranfparent Skins 
and Humours of ‘the Eye, as is neceflary to 
unite and bring together the Rays which come 
from the feveral Points of the Object in fo 
many correfponding Points in the Bottom of 
the Eye, and there to paint the Picture of the 
Object upon the Tunica Retina, with which the 
Bottom of the Eye is covered; which Picture 
being propagated by Motion ‘along the Fibres 
of the optic Nerve into the Brain, is the 
Caufe of Vifion: For accordingly as thefe 
Pictures are perfect or imperfect, the Object 
is feen perfectly or imperfectly : If the Eye be 
tinged with any Colour (as in the Difeafe of 
the Jaundice), fo as to tinge the Pictures in the 
Bottom of the Eye with that Colour, then 
all Objects appear tinged with the fame Co- 
lour; if the Humours “of the Eye, by old Age, 
decay, fo.as, by fhrinking, to make the Cornea 
and chryftalline Humour grow flatter than 
before, the Light will not be ‘tefracted enough, 
and, for want of fufficient Refraction, will not 
converge to the Bottom of the Eye, but, to 
fome Place beyond it, and, by confequence, 
mutt paint in the Bottom of the Eye a confu- 
fed Picture; and, according to the Indiftiné- 
nefs of this Picture,’ the Object will appear 
confufed and indiftin’t. This is the Reafon 
of the Decay of Sight in old Men, and fhews 
why their Sight is mended by fpectacles ; for 
thofe convex Glaffes fupply the Defect of 
Plumpnefs 
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Plumpnefs in the Eye, and, by increafing 
the Refraction, make the Rays converge foon- 
er, fo as to conveen diftinélly at the Bottom 
of the Eye, if the Glafs have a’ due Deeree 
of Convexity: And the contrary: happens in 
-fhort-fighted Men, whofe Eyes are too plump ; 
for the’ “Refraction being now too great, the 
Rays converge and conveeti in the Eyes bes 
fore they come at the Bottom ; and therefore 
the Picture made inthe Battom and the Vifi- 
on caufed thereby, will not be diftind, unlefs 
the Object be brought fo near the’ Eye, as 
that the Place where the converging Rays 
conveen may be removed to the Bottom: 
or that the Plumpnefs of the Eye be taken 
off, and the Refraétions diminifhed by a con- 
cave Glafs, of a due Degree of Concayvity ; 
or, laftly, that by Age the Eye grows flatter, 
till it come to a due Figure + for fhort-fighted 
Men fee remote Objects belt in old Age, and 
therefore they are accounted to have the 
moft lafting Eyes. 

§ 4. Thus, in general, Vifion is performed. 
But, in order to underftand how the feveral | 
Humours of the Eye conduce to the forming of 
this Image or Picture, (fee Prarn II. Fig. 23.) 
where Z is the Eye, and Bz, Bs, Ba, oc. are’ 
Rays coming to the Kye from the Point B, 
of the Object ABC, placed at a convenient 
Diftance before the Eye; of thefe Rays it is 
| obvious, that the middle one Bz being in 
” the 


ae 6 Of Vifion and the Uh of — Book IIL. 


the Axis of Vifion, muft fall perpendicularly 
upon all the Humours of the Eye, as it pafles 
thro’ them to the Retina, and confequently 
muft move ftreight forward to 4 in the Bot- 
tom of the Eye, without fuffering any Re- 
fraction: But the other Rays, as Bs, Bu, ©. 
by falling obliquely upon the tranfparent: Cornea, 
which being of equal Denfity with the aqueous 
Humour, muft have the fame refractive 
Power; I fay, thefe other Rays, by falling 


obliquely upon the Cornea, which is denfer — ; 


than the Medium of Air thro’ which they 
paffed, will be refracted towards the perpendi- 
' cular; let therefore hp and 4p be drawn per- 
pendicular to the Cornea, at the Points of Inci- 
dence s and u, itvis ‘evident, that thefe Rays, 
by being refracted towards thefe Perpendiculars, 


will be made to approach one another, becaufe 


the Perpendiculars themfelves do fo (for every 
body knows that Lines cutting a Circle perpen- 
dicularly do approach one another fo as to 


meet at the Centre) ; and- this is the firft a 


Refraction which the Rays fuffer in falling’ 


upon our Kyes, by which they are brought 4q 


nearer to one another, that more of them 
may pais thro’ the Pupil, and may not be 
loft upon the Uvea. 

A fecond Refraction which thofe Rui 
fuffer, is in pafling out of the aqueous 
Humour into the Cry talline; by which Re- 

| fraction 
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fraction they are made to approach {till more 
to one another than before; for the Cryftal- 
line being denfer than the aqueous Humour, 
the Rays here alfo muft be refracted towards 
the Perpendiculars 7P, iP; but thefe Perpen- 
diculars, becaufe of the convex circular Surface 
of the Cryftalline, do approach one another ; 
and therefore the Rays, which by Refraction 
are turned out of their ftreight Courfe, and 
made to move towards thefe Perpendiculars, 
mutt alfo approach one another, and become 
more convergent: And this is the fecond Re- 
fraction which the Rays fuffer in moving thro’ 
the tranfparent Humours of the Eye. 

But there is yet a third Refraction which the 
Rays fuffer in paffing out of the cryftalline 
into the vitreous Humour; for the cryftalline 
Humour being more denfe than the vitreous, 
the Light, in pafling from the Cryftalline into 
this Humour, will be refracted from the Per- 
pendiculars P/, P/: But, becanfe the Surface 
of this Humour is not convex as that of the 
other Humours, but concave, anfwering to the 
convex back Part of the Cryftalline which is 
lodged therein, thefe Perpendiculars mutt 
recede from one another, as in the Figure; 
and confequently the Rays, by being refra¢ted 
from them, muit be made yet more to converge, 
and approach one another. sige hme Re AE 
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By thefe Refractions, the Rays of Light : 


which come from the Point B, are made 


to converge and meet again in the Retina at — 


the Point ); and in like manner the Rays that 
come from all the other Points of the Object, 
as from A and C, are made to converge to 
fo many other Points in the Retina, as a, andc, 
and by that means an inverted Picture of the 
Object will be painted on the Retina, juft 
as when, by a Glafs Lens placed at a Hole 
in the Window-fhut of a dark Room, the 
inverted Images of external Objects are caft 
upon a Piece of white Paper placed at a due 
focal Diftance behind the Lens. Andasthis is 
apreeable to Reafon and Geometry, fo it is 


confirmed by Experience; for if you takeoff ~ 


from the Bottom of an Eye, newly taken out 
of the Head of any Animal, a {mall Portion 
of the Tunica Choroides and Sclerotica, and 
place this Eye in a Hole made in the Window- 


{hut of a» dark Chamber, fo as the Bottom of — 


the Eye may be towards you, you fhall then 
fee the Pictures or Images of external Objects 
lively painted on the Retina, with their 


proper Figures and Colours; only thefe — 


Pictures will be inverted, as has. been already, 
noticed. 

§ 5. ies sieve Barnista PorTa is the 
firft I find who endeavoured to explain Vi- 


fion from Pictures entering the Eye. But as 


he 
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he knew nothing of the Refractions made 
by the Humours of the Eye, whereby thefe 


Pictures are rendered perfect and diftindt, his 
Doctrine at beft is but lame and defettive. 


It is as follows : 

Having difcovered that Pidtures of sat onl 
Objects are made upon the Wall of a dark 
Room by Rays coming thro’ a {mall Hole in 
the oppofite Wall, without the Interpofition 
of any Lens to refract the Rays, (a Phenomenon 
that was then new, and had*not been before 
obferved by Naturalifts), he, in» his Book 
de Magia Naturali, printed in the Year.1560, 
defcribes thofe PiGtures at large, and fhews by 
what Methods their Diftinctnefs may be pro- 
moted; and then concludes, that he had not 
only decided the grand Difpute about the 
Reception and Emiffion of Rays, which had « 
fo much divided the antient .Philofophers, 
(fome maintaining that Vifion was caufed by 
the Reception of Rays into the Eyes, whilft 
others, as EucLip, Protromy, ALHAZEN, 
and other antient Opticians, thought it more 
agreeable to Nature, that certain Emanations, 
by them alfo called Vifual) Rays, fhould flow 
from an animated Subftance to an inanimate 
one, rather than on the contrary); I fay, 
from thofe Pictures, Porta concludes, that 
he had not only decided the grand Difpute 
about the Reception and Emiffion of Rays, 

but 
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but had alfo found out the true Caufe of — 
Vifion; for, fays he, the Image is Jet in thro’ 
the Pupil, and is painted on the Surface 
of the cryftaline Humour, which anfwers to 
the Wall in the dark Room, as the Pupil 
does to the Hole in the Window-fhutter. 
And here he followed the Opinion of ViTEL- 
L1o and others, who imagined we began. 
to perceive when the Cryftalline was en- 
lightened, but that the Perception was not 
compleat till it was propagated from 
thence and united as it were in the optic 
Nerve. 
_ § 6. In this Manner Vifion was commonly 
explained, till about the Year 1600, when 
the learned KEPLER made the grand Dit 
covery, and fhewed, by his Geometry, in 
what Manner the Rays were refraéted thro’ 
all the Humours of the Eye, and formed a 
diftint Picture upon the Retina, in like man-. 
ner as Pictures are formed by a Glafs-globe 
full of Water. (See his Paralipomena ad V t- 
TELLIONEM). Healfodifcovered the Contti- 
tution’ of defective Eyes, that is, how the 
Pi&ures became confufed, and fhewed in 
what Manner they are rendered diftinét by 
Spectacles, and concave Glaffes, whofe Effects 
had been fo much admired from the Time of 
their Invention, (which was only about 300 
or 320 Years before), and had fo long per- 


plexed 


“_ 


f 
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plexed ‘the greateft Wits to account for 


them. The vulgar Account of Objects ap- 


' pearing erect, notwithf{tanding the Invertion . 
_ of the Pictures upon the Resina, is alfo Krv- 


LER’s, who tells us, that the Mind 
perceiving an Impulfe of the Ray on the lower 
Part of the Retina, confiders this Ray as 


_ direéted from a higher Part of the Object; 


and likewife perceives the Impulfe of the Ray 
upon the higher Part of the Retina, to be 
direted from the lower Part of the Object: 
Which Solution Des Cartes. illuftrates, by 


- conceiving a blind Man to hold in his phe 


be Sticks. crofling. each other, and to. pufh 

he Top and Bottom of an upright Object 
io their Extremities; and obferves, that this 
Man will judge that to be the Upper-part of the 
Object, which he pufhes with the Stick held — 
in the lower Hand; and that to be the lower 
Part of the. Object which he touches with 
the Stick in his upper Hand. 

§ 7. I have faid, that according as the Pi- 
ctures upon the Retina are perfect or imperfed, 
the Objects are feen perfectly or. imperfectly : 
But we are not from thence to imagine, that 
the Mind fees or perceives any Pictures in rhe 
Retina, or that it judges of Objects from what 
it obferves in thefe Pictures. This is a vulgar 
Error: For Proof of which I need ont obfery - 
hat, >. , 
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_ iff, Properly fpeaking, there is no Picture 
in the Rerima, and the Pictures which are feen 
painted there when a Bit of the Sc/erorica and 
Choroides have been taken off from the Bottom 
of an Eye, are Senfations in the Mind of him 
who perceives them, and do not belong to the 
Retina on which they appear to be painted. 
Thefe Pictures, confidered as belonging to the 
Retina, confift in nothing but the Union or 


Coalefcence of the Rays that come from the - 


feveral Points of the Object in fo many corre- © 


fponding Points in the Retina; from which 
Points.in the Retina they again proceed in the 
fame manner as they proceeded before from 
the correfponding Points in the Object, and 
therefore affect the Eyes of the Spectator in 
the fame manner, and, by affecting them in 
the fame manner, produce a Senfation fimilar 
to that produced by the Object itfelf. “This 
Senfation is therefore very properly called a 
Picture of the Object; but this Picture being 
in the Mind of the Spectator, does not belong 
to the Retina on which it appears to be paint- 
ed. But, | 


a Oe ee, a. os 


2dly, Tho’ there was a Picture in the Retina 


in that vulgar profs Senfe that fo many imagine, 
yet it is impoffible that the Mind could perceive 
itthere; becaufe all the Senfations or Percepti- 
ons of the Mind are prefent with it and in the 
Senforium: And I appeal to every one’s Ex- 
perience, if he ever fees or obferves any 

Pictures 
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Pictures or any Thing elfe in the Retina. And. 
to fay we fee, obferve or perceive Pictures 
there, without being fenfible or confcious of it, 


~ is abfurd and ridiculous. The Mind or fenti- 


ent Principle does not at all perceive in the 
Retina, but in the Senforium where it is prefent ; 
for when, thro’ any Defect or Paralyfis of the 
Nerve, the Motions or Vibrations itmprefled 


on the Retina by the Rays forming the Picture 


_ are not propogated to the Senforium, or that 


Place of the Brain in which the Mind refides, 
the Mind perceives nothing ; nor is it indeed 
poflible it can perceive any thing for whether | 
the Mind be thought active or paflive in its 


Perceptions, it is certain, that it can perceive 


nothing but what is prefent with it; for it can 
no more perceive where it is not, than when it 
isnot; and it may as well be or exift where it 
is not, as act, fuffer. or perceive where it 
is not. All ‘Things perceived mutt therefore 
be prefent with the Mind and in the Senforiam, 
‘where the Mind refides; and that not only 
virtually, but fubftantially. Nam virtus fine 
fubfiantia fubfiftere non poteft, as NewrTron 
exprefleth it, (Principia Mathematica, Schol. 
general. fub finer.) 

It is therefore evident, that, did the Mind 
perceive Pictures in the Retina, it behoved to 


-be there prefent: And for the fame Reafon, 


BS it perceive in the other Organs of Senfe, -it | 
behoved 
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behoved alfoto be prefent to all the Parts of the 
Body ; becaufe the Senfe of Fecling is diffufed 
thro’ allthe Body: Nay, in fome Cafes it beho- 
ved to be extended beyond the Body itfelf, asin 
the Cafe of Amputations, where the Perfon, after 


‘ 
J 
i 


the Lofs of his Limb, has the fame Perception © 


of Pain, Itching, Gc. as before, and feels 
them as if they were in fome Part of his Limb, 
tho’ it has long ago been amputated, and re- 
moved from that Place where the Mind places 
the Senfation. Having had this Misfortune 
myfelf, I can the better vouch the Truth of 
this Fa& from my own Experience; for I 
fometimes {till feel Pains and Itchings, as if in 
my Toes, Heel or Ancle, %c. tho’ it be te- 
veral Years fince my Leg was taken off.. Nay, 
thefe Itchings have fometimes been fo ftrong 
and lively, that, in {pite of all my Reafon and 
Philofophy, I could {carce forbear attempting 


to {cratch the Part, tho’ I well knew there was_ 


nothing there in the Place where J felt the 
Itching, And however ftrange this may ap- 
pear to fome, it is neverthelefs no way mira- 
culous or extraordinary, but very agreeable to 
the ufual Courfe and Tenor of Nature ; for, 
tho’all our Senfations are Paflions or Perceptions 
produced in the Mind itfelf, yet the Mind ne- 
ver confiders them as fuch, but, by an irre- 
fiftible Law of our Nature, it is always made 
to refer them to fomething external, and at a 


Diftance 


al 


Chap. II. the Humours of the Eye. 365 


Diftance from the Mind; for it always con- 
fiders them as belonging either to the Objea, 


the Organs, or both, but never as belonging 


to the Mind itfelf, in which they truely are ; 

and therefore, when the nervous Fibres in the 
Stump are affected in the fame Manner as they 
ufed to be by Objects acting on their Extremities 
in the Toes, Heel or Ancle, the fame Notice or 
Information muft be carried to the Mind, and 
the Mind muft have the fame Senfation, and 


form the fame Judgment concerning it, viz. 
‘ that it is at a Diftance from it, as if in the 


Toes, Heel or Ancle, tho’ thefe have long 
ago been taken off and removed from that 
Place where the Mind places the Senfa- 
tion. 

If this fhould prove hard to be Srciied 
it may be illuftrated by what happens in the 
Senfation of Colours; fer tho’ the Colours we 
perceive are prefent with the Mind, and in 
the Senforium, yet we judge them ata Diftance 
from us, and in the Objects we look at; and 


it is not more difficult to conceive how Pain 


may be felt at a Diftance from us, than how 
Colours are feen at a Diftancefromus.. .- 

§ 8.- This may {till be further illuftrated, by 
confidering Vifion by Reflection or Refraction; 
for an Object feen by Reflection or Refra‘tion 
does not appear in its true Place, but in-that 


Place from W RERGA the Rays, after their laft 


Reflection 
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RefleCtion or Refraction diverge, in falling on 
the Spectator’s Eye. Thus, if the Object A 
(PLate IIT. Fig. 24.) be feen by Reflection 
of a Looking-glafs mm, it {hall appear not in 
its proper Place A, but behind the Glafs at a, 
from whence any Rays AB, AC, AD, which 
fiow from one and the fame Point of the Ob- 
ject, do, after their Reflection made in the 
Points B,C,D, diverge in going from the 
Glafs to E,F,G, where they are incident on 
the Spectator’s Eyes. In like manner, the 
Object D (Fig. 25.) feen thro’ a Pri/m, ap- 
pears not in its proper Place D, but is thence 
tranflated to fome other Place d, fituated in the 
laft refracted Ray FG, drawn backwards from 
F to d.. And fo the Object Q: (Fig. 26,) 
feen thro’ the Lens AB, appears at the Place q, 
from whence the Rays diverge in pg 
from the Lens to the Eye. 

Now, as Objects feen by Reflection or Re- 
fraction appear and are feen, not in their true 
Place, but in fome other Place from which 
they are abfent, and that becaufe the Rays 
fall upon the Eyes, and make a Picture on 
their Bottom, in the very fame Manner as if 


they had come from the Object really placed 


there, witheut the Interpofition of the Glafs; 
fo, when the Impreffion made upon the ner- 
vous Fibres of the Stump is the fame as if it had 
come "from an Object acting ¢ on their Extremi- 
ties, 


eS ee ha 


Chap. Il. | the Bees of the Eye 367 


ties, the Senfation muft alfo be the es and 
the Mind, by forming the fame Judgment con- 
cerning it, muft feel it as inthe Toes, Heel or 
. Ancle, dre, in which thofe nervous Fibres 
terminated before the Leg was taken off. : 
§ 9. The ingenious Dr. Wuyrrt, in order 
to account for the Motions of the Heart, and 
the other Mufcles of Animals after Death,. or 
their Separation from the Body, has fup- 
pofed, that the Soul is prefent with every 
Part of the Body, not only when the Body is 
intire, but even after it is divided, and its 
Parts removed from one another, perhaps to 
the Diftance of many Miles; and has alfo 
fuppofed, that, in different Parts of the Body, 
it exercifes different F aculties; that it can only 
—exercife the Power: of refex Confcioufnefs, 
Imagination, Judgment, Reafon and Memory 
i tue. prainis).. Cait ..,only,: talte:.in...the 
‘Tongue, {mell.in the Nofe, fee in the Eyes, 
hear in the Ears, and feel Hunger in the 
Stomach, and Pain over all the Body. (See 
WuytT7’s Effay on the Vital Motions, Sect. xiii. 
and Phyfiological Effays, Eff. IL. Sect. 2.) 
But to me fuch Suppofitions feem much 
more unaccountable than the Phenomena them- 
felves they are brought to explain; for if the 
Soul continues prefent with every Part of the 
| Body 
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Body. after they are removed to a_ great 
Diftance from one another, the Soul itfelf muft 
neceflarily be difcerpible : and it is no Anfwer 
to this, to fay, ‘‘ That the Soul isa Subftance 
‘* fo perfectly and effentially one, that any 
*« Divifion or Separation of its Parts do 
~ © neceflarily infer a Deftruction of _ its 
“ Effence.” This indeed will readily be ac- 
knowledged ; but it will not from thence fol- 
- low, that this fame indivifible Soul, which is 


fuppofed to co-exift with all the different Parts . 


of the Body, can continue to co-exift with 
them after they are feparated, and yet {till 
continue one, without any Divifion or Separa- 
tion. The natural and plain Confequence of 
this Indivifibility of the Soul is, that it cannot 
continue prefent with all the Parts of the Body 
after they are feparated, and confequently this 
Hypothefis ought to belaid afide, as repugnant 
to that Onenefs and Indifcerpibility of the 
Soul, of which we have fo many irrefragable 

Proofs. 
_ To fay, that the Soul continues prefent. with 
all. the Parts of the Body after their Sepa- 
ration, and yet is not itfelf feparated or divi- 
ded is to fay, either that the Soul can wholly 
exift in the Parts of the Body, and yet at the 
fame Time alfo exift in the intermediate Space; 
which is a plain aud direct Contradiction, as 
no 


i 
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no Subftance can exift in two or more different 


Places at the fame’ Time: Or if this is not 
faid, we muft at leaft fay, that the Soul does 


- not wholly exift in the Parts, as it did before 


their Separation, but partly in the Parts, and 
partly in the imtermediate Space, ‘‘ fo as to 
« have its Sphere of Exiftence increafed ; ” 
which feems to be the Opinion of this learned 
Author. But this alfo neceflarily infers Se- 
paration, and of confequence Divifibility ; for 


aif the Partsef the Soul can be removed from 


one another, they can alfo be feparated and — 
divided from one another. And as this Rea- 
foning does not depend ‘* on the Nature of 


“ the Soul, or the Manner of its Exiftence, or 


“* on the way in which it acts upon or is pre- 
‘* fent with the Body,” our being ** ignorant - 
*« of thefe,”” isnothing tothe purpofe: All that 
this Reafoning fuppofes, is, that the Soul is one 
indivifible Subftance, and that it is fubftantially 
prefent, where it is allowed to be fubftantially 
prefent: and therefore it is prefumed this Rea~ 


foning will be efteemed of fome Force, tho’ 


we knew lefS of the Nature, Powers and Pro- 


perties of the Soul, than we really do. 

And with refpect to the Soul’s exercifing 
different Faculties in different Parts of the Body, ~ 
this alfo feems to me to be extremely unphilofe- 
phical ; for the whole Soul is but one, and this 


one whole Soul has not fome Powers here, and 
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other Powers there, but all its Powers are the ; 


Powers of the whole, and all its Actions are- 
the Actions of the whole; and this one 
whole Soul exercifes all its Powers and Fa- 
culties in that whole Place in which it 
iS. 
- But, that I may not tire the Reader with 
_ metaphyfical ee I fhall content my- 
felf with a Quotation fro 
Crerk. His Words are: ” The Organs of 
‘* the Senfes are intirely diftinét from one an- 
“ other, but the Thing that perceives by 
<< thofe different Organs is one and the fame 
«< Thing, one thinking Being, which every 
© Man calls himfelf; and this one thinking 
<* Being has not fome Powers in fome Parts, 
‘* and other Powers in other Parts, fomie 
«© Actions in fome Parts, and other Actions 
“* in other Parts; but all its Powers are the 
- & Powers of the whole, and all its Actions are 
«¢ the Actions of the whole; the whole think- 
<< ing Subftance fees both the whole Object 
‘and every Part of it; the fame whole think- 
“ing Subftance hears every Sound, {mells 
** every Odour, taftes every Sapor, and feels 
** every Thing that touches any Part of the 
“© Body. Every Imagination, every Volition, 
«« and every Thought, is the Imagination, Will 
** and Thought of the whole thinking Sub- 
« {tance, which L call My/e/f; and if this one 
«« Subftance 


m the learned Dr. ° 
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«« Subftance (which we {tile the Soul of Man) 
« has not Parts which can act feparately, it 
** may as well be conceived to have none 
© thatcanexift feparately, and fo be abfolutely 
“ indivifible. ” (See Cuerx’s 3d. Defence of 
his Letter to Mr. Dopwext.) But it would 
feem, that-Dr Wuytrt has overlooked this 
Paflage, elfe it isto be prefumed he would 
have made fome Anfwer to it, and to the 
Arguments fcattered up and down thefe De- 
fences in f{upport of it; efpecially that Dr. 
CLERK is allowed to be a Man of ereat 
Authority, and that Dr. WuyTt himielf, in 
quoting thefe very Defences, has told us, 
‘** that Perfpicuity, Metaphyfics, and found 
‘< Philofophy, are happily united in them. ” 
(Ef: on the Vital Motions, p. 281.) , But to 
return; | | 
§ 10, Having fhewed, that the Mind does 
not fee any Pictures in the Retina, or judge 
of Objects from what it obferves in thefe 
Pictures, it will be afked, what Connection 
there then is betwixt Vifion and thefe Pictures, 
and how it comes to pafs, that Objects are 
feen perfectly or imperfectly, accordingly as 
thefe Pictures are perfect or. imperfect. 

To this I anfwer, That tho’ all our Percep- - 
tions are Modifications of the Mind - itfelf a- 
rifing from the Motions or Vibrations excited 

in 


a 
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in the Senforium, to which the Mind is prefent; 


yet the Mind never confiders them as fuch, 
ut always afcribes them, citherto the Object, 
the Organs, or both. This T have already hinted 


at, and fhall have Occafion afterwards to de-— 


monftrate more particularly, that, ia feeing 
Objects, the Mind, by means of an original 
and connate Law, to which it has always been 
fubjected, traces back its own Preceptions, not 
only from the Senforium to the Retina, but 
from thence alfo outwards towards the Ob- 
ject itfelf, along right Lines drawn perpen- 
dicularly to the Retima from every Point of it 
on which any Impreflion is made by the Rays 


forming the Picture; by which means the — 


Mind or vifive Faculty does always fee every 
Point of the Object, not in the Sexforium or 
Retina, but without the Eye, in thefe perpen- 
dicular Lines. And this being fo, it is eafy 
to underftand how the Object appears’ perfect, 
or imperfect, according as its Image on the 
Retina is perfect or imperfe, without having 
Recourfe to the groundlefs Suppofition. of the 
Mind’s feeing a Pi@ure in the Retina; for when 
the Rays that come from the feveral Points 
of the Obje& are not exaGly united upon the 
‘Retina, the Picture of each Point will be a 
Spot that takes up a confiderable Space upon 
the Retina, and which, by being mixed and 
confounded with the Pigtures of the neigh- 
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bouring Points, which alfo are “Spots, muft 
make all-the Points of the Object to be feen in 
a great. many Places, and a preat many of 
 thefé Points to be feen in the fame Place; from 
which Confufion, the Appearance of the Ob- 
ject will alfo be confufed and indifting. 

To illuftrate this, let COB (Pratt IV. 
_ Fig. 27.) be an Object, whofe Points O, Band 
C, by emitting Rays that are not re-united at 
the Retina, but beyond it as far as X, do, up- 
on the Retina, form the circular Images 0,0 
and c; and let F bethe Centre of the Eye, 
thro’ which every Line that is drawn perpendi- 
cular to the Retina muft pafs. From the ex- 
treme Points of thefe circular Images on the 
Retina 0, b andc, draw right Lines to the Cent 
tre F, and continue them to the Horopier, as 
in the Figure; thefe’ Lines, by reafon. they 
pafs thro’ “the Centre of the Eye F, will be 
perpendicular te the Retina: Whence it is 
evident, that the Points O, B and C muft be 
feen without the Eye in the whole of the cir- 
cular Spaces OCIB, BOLH, and CGKO, 
which are comprehended within the right Lines 
drawn perpendicularly to the Retina from the 
extreme Points of the Images of the re- 
{fpeGtive Points; which Circles being mixed 
and confounded with one another, it- hallows, 
that the Points O, B and C muft, for the Rea- 
fon above’ oblerved, mppeat confufed and in- 

—— diftinct, 
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diftin®, tho’ the Eye fees not the Confufion 
that is in their Images on the Retina. 

§ a1. Before I difmifs this Subject, it may 
be proper to notice, by way of Corollary; 
that, fince diftin% Vifion depends on the Dif _ 
tinctnefs of the Pictures, on the Retina, itis — 
impoflible our Sight can ever be abfolutely di- 
{tin& and perfect; becaufe thefe Pictures, even in 
the beft Eyes, are always fomewhat confufed 
and indiftinct. This Confufion in the Pictures 
arifes from a twofold Caufe; Firft, the Spherical- 
nefs of the Figures of the refra@ing Humours ; 
and, Szcondly, the different Refrangibility of 
the Rays. 

§ 12. Astothe Firfi, itisa Thing well known, 
that, after the Difcovery of the true Law of 


Refraction, according to the given Ratio of the 


Sines, Des Cartes, and ‘other Mathema- 
ticians, foon found, that all the Rays of a 
large Pencil could not poflibly be collected to 
a diftinct Point by .any Lens compofed of 
fpherical Surfaces, having every where the fame 
Degree of Curvity ; and that the Aberrations 
of the Rays from that Point,. were increafed 
with the Breadth of the Glafs; the exterior 
Rays of the Pencil being oradually too much 
bent, as they receded from the Axis of the Lens ; 
or, La is the fame hing, the interior Rays 
being gradually too little bent, as. they ap- 
proached this fame Axis, to, belong all tor 

| gether 


- 


Chap. I. che Humours of the Eye. 375 


gether to one fingle Point after Reftaction ; 
_ and confequently the Angles of Incidence of 
the exterior Rays are too large for that Pur- 
- pofe, both at the firft and fecond Surface of 
the Globe or Lens. Thefe Aberrations, caufed 
by the fpherical Surfaces of Glafles, were then 
thought the only Impediment to the Perfection 
of Telefcopes; and this engaged the Mathe- 
. maticians in determining what Figure a Glafs 
mu{t have to refract all the Rays of a Pencil 
toa given Point; and having found, that 
Glafles figured according to the Surfaces de- 
{cribed by Conic. Sections turned about their 
Axes, would have that Effect, they prefently 
fell a contriving Engines for grinding and 
polifhing Glafles according to the Shape of 
thefe Conic Surfaces. Sir Isaac NEwron 
himfelf was employed in this Work in the 
Year 1666; but having a Curiofity at the fame 
time to try the celebrated Phenomena of the 
Colours generated by the Refraction of a Prifm, 
by which he happily difcovered their Caufes, 
he prefently left off his Glafs-works; for he 
faw, that the Perfection .of 'Telefcopes. was 
limited, not fo much for want of Glaffes proper- 
ly figured, as becaufe Light itfelf is a hetero- 
geneous Mixture of differently refrangible Rays; 
fo that, were a Glafs fo exactly figured as to 
collect any one Sort of Rays into a Point, 
it would not collect thefe alfo into the fame 
ae | Point, 
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Point, which, having the fame Incidence up- 
on the fame Medium, are difpofed to fuffer a 
greater Degree of Refraction. This made 
NEWTON “take Reflections into Confideration; 
‘and finding them always regular, fo that the 
Angle of Reflection of all Sorts of Rays was 
equal to their Angle of Incidence, he foon un- 
derftood, that, by their Mediation, optic In- 
ftruments might be brought to the greateft 
Perfection. And not long after that, he per- 
fected, fuch an Inftrument 6 inches long, which 
magnified 30 or 40 Times, which he firft de- 
fcribed in the Philofo phical Tranfattions, and 
afterwards in his Optics. and this is indif- 
putably the greateft Improvement that Tele- — 
{copes have ever received fince their firft In- 
vention; tho’ it muft be acknowledged, that — 
Mr. James Grecory of Aberdeen was the 
_ firft Inventer of a reflecting Telefcope, which 
he was led to, not by the Confideration of the 
different Refrangibility of the. Rays, which 
was not then known, but from. an Inconvience 
he faw would follow from an hyperbolic Object- 
glafs. Mr. Grecory defcribes this Tele- 
{cope at the End of his Optica Promota, pu- 
blithed ann. 1663; but. its Conftruction is quite 
different from Sir Isaac NewrTon’s, and 
not near fo advantageous, as Sir Isaac him- 
felf has fhewn. But to return : 
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_§ 136 Tho’, firictly fpeaking, there is always 
fome Confafion in our Sight, arifing from 
the Spericalnefs of the Surfaces of the refract- 
ing Humours; yet this Confufion is fo: very 
fmall, ‘that-owe are not fenfible of it. The 
Reafon of which may be gathered-from'a 
Theorem 1 fiid in NEWTON’s ‘Opties for deter- 
mining the Degree ‘of 'Confufion arifing’ from 
the fsherieal Figure of the Glafs in Pigtures 
formed by'a P opens Lens. ‘The The eorem 
is as follows: ° 
If the Objec-elaG of a TaeRope a plano- 
convex, cand the’ plain Side be turned towards 
the Object; and the Diameter of ‘the Sphere 
whereof this Glafisa Seement, be called D, and 
the Semidiameter of the Aperture of Gla& be cal- 
led $, and the Sine of Incidence out of the Glafs 
into Air be'to the Sine of Refraction as I to R, 
the Rays which flow from @ lucid Point ‘fo very 
remote from the Lens, that, before their Inci- 
dence; they may be accoutited parallel, fhall, 
in the Place where the Image is moft diftindly 
made, be a et all pact a little Circle, 


whofe Diameter le = Ke — Very ‘nearly. As, 


for Inftance, if the Sinie of Incidence, be to 
to the Sine of Refraction R, as 20 to 31, and 
if D, the Diameter of the Sphere to which the 
convex: Side’ of the GlafS»is ground, «be 100 
Feet or 1200 Inches, and S, the Seniidianeter 
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of the Aperture, be 2 . Inches; the Diameter 


R2xS? 
of the little Circle (that 1S; seeapee Nill 
Lr aX 33 oOs , 61 ‘Ti 
be cree ae or 22 Parts of 
20 X 20 X 1200 X 1200 7 2OCROOR 
an Inch. 


14. From this Theorem, it is. eafy to fee, 
that the Circle of Aberrations from the Focus, 
arifing. from the fpherical Figure of refracting 
Mediums, isfo very fmall, that it can occafion 
no fenfible Confufion in the Piétures on the 
Retina, and coniequently cannot occafion any 
fenfible Indiftinémefs in the Appearance of 
Objects; efpecially if it is confidered that the 
middle-moft Rays of a.Pencil are crowded 
fo clofe together by Refraction at  {pherical 
Surfaces and Lenfes, and the outermoft Rays 
are {cattered fo thin upon a Plane, paffing thro’ 
the Focus perpendicular to the vis, that the 
Confufion they make ina PiGture, by mixing 
with the Rays of other, Pencils, muft be next 
to nothing, when the Pupil 1 is of a moderate 
SIZe. 

§ 15. But the Confufion arifing from the 
other Caufe, the different Reftangibility of 
the Rays, is many ‘hundred times greater. 
For underftanding this, let AB (Piare IV. 
Fig. 28.) be a Lens; EA, CI, FB, parallel 
Rays; and let R be the Focus into which the 
leaft refrangible or Red-making Rays are col- 
lected; the Focus he into which. the moft 
refrangible - 
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ea or Violet-making Rays are: col- 
lected, fhall be nearer to the Lens. than the 
Focus R of the leaft .refrangible Rays, by 
about the 28th Part of the whole Diftance 
RI; as Newron has demonftrated. from ac- 
curate Experiments. If therefore thro’ R and 
V the Lines KL and MN be drawn perpendi- 
cular to the Axis CIR; MN tfhall be- =, Part 
of the Breadth of the Glas AB, and rai 
Part: Whence OP, the Diameter of the Circle 
in.the middle. Space between thefe two. Foci, 
(which Circle is the leaft into which all the 
Rays can be gathered) is about. the 55th 
Part of the Diameter of the Glafs, or .of its 
Aperture, if it have.one. . And therefore the 
Error arifing from the-different Refrangibility 
of the Rays, in fuch a Lens, as was mention- 
ed in the above Theorem, where the Aperture 
was 4 inches, will be. meafured by a Circle 
whofe Diameter is +. Parts of an Inch; where- 
as the Error arifing “from the Sphericalnef$ Ob. 
the refracting Surface, was found to. be only 
oot oeees parts of an Inch, which is 5449 
times lef than the Error arifi ng from the 
different Refrangibility of the Rays$ and there- 
fore being in Comparifon fo very little de- 
ferves not ‘to be confidered. . 

.§ 16. But you will fay, if the Exrors cau- 
fed by the different Refrangibility be fo very 
great, how comes it to pals ut Objects ap- 
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pear f6 diftinct as they do, both thro’ Tele- 
{copes, and to the naked Kye. | 


‘To this 1 arifwer; in the Words of ewe ON,” 


It is becaufe the erring Rays are vot {eattered 
uniformly over all that circular Space, but col- 
lected infinitely more'denfely in the Centre, than 
in any other Part of the Circle; and in the 


Way from the Centre to the Circumference,. 
stow continually rarer and rarer, fo as at the 


Circumference to becomie infinitely rare, ‘and, 
by Reafon. of their Rarity, are not trong 
enough to be vifible, unlefs i in the Centre, and 
very near it. 


Fot illuftrating this, Sir Isaac has ‘given 
us a Theorem in his Optics which deferves to be 


noticed here. It is as follows: 


Ret ADE (Pirate IV. Fig. 29.) fevttfede 
one of thofe Circles deferibed with the Céntre 


C, and Semidiameter AC; and let BFG be a 


fmaller Gircle concentric to the former, cutting 
with its Circumference the Semidiameter AC 
in B; and bifeet AC in N; by Computation, 


Sir Isaac found, that the Detifity of the Light 


in any Place B, is to its Denfity in N, as 


AB is to BC: and that the’ whole Light 


within the leffer Circle BFG, is to the whole — 


Light within the — greater AED: a8 
AG? “AB? js to AC#.’ Thus, if BC be 
the 5th Part of AC, the Light will be four 
times denfer in B ish, in N, and the whele 

Light 


: 
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Light within the leffer Circle, will be to the 
whole Light within the greater as g to 25. 
Whence it is evident, that the Light within. 
the te Citclé mutt fttike the Sénfe inch 
more ftrongly than that faint and dilated Light 
round about between it and the Circumference | 
of the greater. | 
~ But it is firther to be noted, that the moft 
luminous of the prifmatic Colours are the 
Yellow and Orange. ‘Thefe affect the Senfes 
more ftrongly that all the reft together, atid 
next to thefe in Strength are the Red ard 
Green. The Blue compared with thefe 1s a 
faint and dark Colour; ‘and the Indigo and 
Violet’ are much darker and fainter; fo that 
_ thefe, compared with the ftionger Colotirs, are 
little to be tevardéd, . The Images of Objects - 
are therefore to. be placed, not in the Focus 
of the mean refrangible Rays, which are in 
the Confine of Green’ and Blue, but in the — 
Focus of thofe-Rays which are in the Middle 
of the Orange and Yellow; there where the 
Colour is moft luminous and fuleent, that 
is, in the brighteft Yellow, that Yellow, | 
which inclines more to Oranse than to Green: 
And by the Refraction of thefe Rays (whofe 
Sines of Incidence and Refraction in Glafs 
dré aS 17 and ir), the Reftaction of Glafs 
aiid Cryftal for optical Ufes is to be meafured. 
Let us therefore place the Image of the Object 
in 
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in the Focus, of thefe, Rays, and all: the. Yel- 
low and Orange will fall within a Circle, 
whofe Diameter i is about the 250th Part of the 
Diameter of the Aperture of the Glafs Lens: 
And if you add the brighter Half of the Red 
(that Half which is next the Orange), and 
the brighter Half of .the Green (that Half 
which is next the Yellow) about.+. Parts. of 
the Light of thefe two Colours will fall with- 
in the fame Circle, and 2 Parts will fall with- 
out it round about ; and that which falls with- 
out will be fpread thro’ almoft as much more 
Space as that which falls within, and fo in the 
srofs be almoft 3 times rarer., Of the other 
Half of the Red and Green (that. is of the 
deep dark Red and. willow Green) about 
one Quarter will fall within this Circle and. 
three Quarters without; and that which falls 
without will be. fpread thro’ about 4 or 5 
times more Space than that which falls with- 
in; and fo in the etofs be rarer, and, if 
compared with the whole Light within it, will 
be about 25 times rarer than all that taken in 
the grofs; or rather more than 30 or 4o 
times rarer, becaufe the deep Red in the End 
of the Spectrum of Colours made by a Prifin 
is very thin and rare, and the willow Green 
is fomething rarer than the Orange and Yel- 
low. The Licht, of thefe Colours therefore. 
being fo very much rarer than that within the 
Circle, 
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- Circle, will fcarce affect the Senfe, efpecially 
fince the deep Red and willow Green of this 
Light are much darker Colours than the 
_yeft, And, for the fame Reafon, the Blue 
and Violet being much ‘darker Colours than 
thefe, and much more sarified, may be 
neglected. For the denfe and. bright. Light 
-of the Circle, will obfcure the rare "and Weak 
Light of thefe dark Colours round ‘about it, 
and render them almoft' infenfible:’ The 
fenfible Image of a lucid Point is therefore 
{carce broader than a Circle whofe Diameter 
is the 250th Part of the Diameter of the Aper- 
ture of the Object-glafs of a Telefcope by 
which the Image is made, or not much broad- 
er, if you except.a faint and dark mifty 
Light round about it, which a Spectator will 
{carce regard. And therefore, in a. Telefcope 
whofe Aperture is four Inches, and Length one 
hundred’ Feet, it exceeds not 2” 45", or 3". 
And ina Telefcope whofe Aperture is two 
Inches, aud Length 20 or 30 Feet, it may 
be 5 or 6, and fcarce above. And. this 
anfwers well to Experience; for in fuch 
_ Telefcopes the fixed Stars, which, by reafon 
of their immenfe Diftance, appear like Points, 
unlefs fo far as'their Light is dilated by Re- 
fraction, and which therefore, when eclipfed 
by the Moon, vanifh not gradually, like the 
Planets, but all at once, and in the End of 
the 
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the E:clipfe return again into Sight all at once; 


T fay, in fuch Telelcopes the fixed Stars appear 
to be about 5", 6 or 7’ in Diameter, or not 

much above, as Aftronomers have found, by 
3 taking the Diameter of, their - Image. formed 
at the Focus. of the Object-glafs: by means 


of a Micrometer; for thefe. Images fubtend at 
the Centre of the Object-glafs an. Angle of 
about, 5',:6..or 7’, and fcarce. more,, But if 
the Eye-glafs betinged faintly with the Smoke 
of a- Lamp or Torch, to obfcure the Light 
of the Star; the fainter Light in the. Circum- 
ference of the Star-eeafes to be vifible, and 
the Star (if the.Glaf&. be. fufticiently foiled 
with. Smoke) appears fomething more like < a 
mathematical Point. . 


§ 17. But to: apply this Rae more 


particularly tothe Eye, it mutt be remembered, 
that the.optic Nerve is:a Bund'e of very. fmall 


Fibres or , Phreads of a certain, ‘determinate 


Bignefs: "Thefe Fibres at. one End arife from 
the Brain, and at the other terminate in the 


Retina; upon the anterior Surface of which 


they may be fuppofed . to ftand ‘erect, like the 
Pile on Velvet: Whence it comes. to pals, 


that when an Object. is fo. fall, or. fo. far 


removed from the Eye, as to form a Pidture 


on the Retina lefs than one: fingle Fibre, that 


Object will not be, feen, becaufe of the Weak- 
nefs of the Impreffion, unlefs it be yety bight 


ce i ie = 


s : PN ALE 
‘ ' 
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aad luminous; in ibid cafe the whole Fibre 
will be moyed. by having’ one Part of it 
oe acted om; and therefore the Sen- 
dation, will be the fame, as if the Object were 
much bigger, and did: take up or cover the 
whole End of the Filament; tho’ it affects but 
a tenth Part of it: For, as there cam be no | 
more diftinct Senfations, thdnithere are ditine 

Threads to convey the Jimpreffion on-them, 
fo, when the Fibre: is iioved, whether by an 
Impreffion. made oi the whole, or on a-fmall 
Part of it, the Senfatiom will always be the 
fame, andthe’ Magnituile of the. Objet, 
however {mall it may be, will. be eftimated, 
not by the Magnitudé of: ‘the: Picture, s but by 
the Magnitude of the nervous Fibre, on a Part 
of which. the Piéture is only made.: “And 
as this is agreeable to Reafon, fo it is alfo con- 
firmed by ‘Experience forthe learned Dr. 
Hoox, avd-other Naturalidts, found: by Ext | 
periments which they madeon Purpofe for 
examining this: [heory, that thereis a Minimum 
Vifibile; that this in moft Eyes is comprehended 
within an Angle of. one) Minute ; and that 
whatever is) feen, is feem:of that Bionefs, or 
_ wmder that: Anglesot Tine Dr. indeed owns, 


shat theré. ase fome whowcan: fee-to the third .... 


of a Minute, but affuresous,, that thee’ are 
ery! few. sere his ‘Pofthuamous Works po ra. 
pa 97:)s And this is the Reafon why every 

BVo1. 1. Gece. c Star 
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Star that the Eye difcovers appears to moft 
_ Men to be of the Bignefs of a Minute at 
leaft; and fo it is conceived really to be, 
tho’ yet, when we come to examine its 
Diameter by the help of a Telefcope, we 
find it to be but fome few Seconds or 6oth 
Parts of fuch an Angle. 

Now, this much being premifed concerning 
the Minimum Vifibile, it will not be difficult to 
fhew, how far our Sight is affected by the 
different Refrangibility of the Rays. 

_ For underftanding this, let AB, AE and 
BD (PuiaTeE IV. Fig. 30.) be each of them 
Diameters of a Minimum Vifibile fabtending an 
Angle at C, where the Pencils cut one another — 
within the Eye of Half a Minute or 30 Se- 
conds ;. thefe. circular Minima fhall on the 
Retina form circular Pictures whofe Diameters 
ab, ae and bd, will alfo fubtend an Angle at 
C of Half a Minute or 30 Seconds, and will 
take up or cover the whole Ends of the. ner- 
vous Fibres P, Q and R, on which they 
fall. 
_ By this Means each of thefe Minima will — 
be feen diftinctly and feparately, without any 
Mixture or Confufion; for as each of them 
makes its Picture on one fingle Fibre, the 
Motion thereby excited in the Fibre muft pro- 
duce one uniform Senfation. throughout the 
the whole Extent of the Minimum Vifibile : 
; : | So 


be 
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So that all the Parts of the Minimum Vifibile 
muft appear fimilar and alike, without any 
Diverfity in its Parts:. And this is the Reafon 
_ why, when one Part of the Minimum Vifibile is 
yellow, and the other Part blue, as in a 
Mixture of blue and yellow Powders, the 
whole appears green: For the fame nervous 
Fibre, receiving one Kind of Motion from the - 
yellow Colour, and another from’ the Blue, 
will, from both together, get a Motion differ- 
ent from, but compounded of both; to which . 
Motion the Senfation of Green being con- 
nected by a Law of our Nature, the whole 
Minimum Vifibile mult appear Green: And 
the like Way of Reafoning will account for its. 
other Appearances, when its Parts are of 
other Colours, or otherwife differently dit 
pofed,. | | 

Thus it would be, were the Rays all equal- 
ly refrangible: Let us now fee what will 
follow from a different Refrangibility of the. 
Rays.. 

For this Purpofe, let the Circle of Aberrati- 
ons from the Focus, arifing from the different 
Refrangibility of the Rays, be fuppofed to be 
6 Seconds in Diameter ; it is obvious, that the 
Rays AC and BC, which may be conceived to 
belong not only to the Minima AE and BD, 
but alfo to the Minimum AB lying betwixt 
them; I fay, itis obvious, that thefe Rays will | 

| on 


; 
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oi the Retina form the Cites a4and * whofe 
Diameters will at € fubtend an Angle of 6 
Seconds: In like manner, if from the outward 
- Limits of thefe Circles a aad 6 thé right Lines 
cCF, {CG be drawn, ‘all the: Points lying be-. 
-twixt A and F, and betwixt B and G, will. 
form ‘fuch little Circles on the Retina; a Part 
of all which Circles will fall on the Picture ab, 


and the Anaulus at the Edge of this circular. 


- Picture on which thefe erring Rays fall, will 
be in Breadth 3 Seconds or the roth Part of 
- the Diameter of the Pitture; whence the Area 
of the Annulus will be to the whole Area of 
the Piture, as 324 to 00; which is a Pro- 
- portion fomewhat greater than that of 1 to 3; 


and therefore the Minimum Vifibile AB will 
not appear abfolutely diftin&, or as it is, by’ 
reafon of the enormous Rays belonging to the 
Minima Vift ibilia round about it; which being 


mixed in its Picture on the Retiaa throughout 
the whole of this 4aulus, mult make the Mini- 
mum partake of the Appearance of the Minima 
round it, as thele partake of the Appearance of 


the Mision round them, and thefe again of others | 
round them, and foon; fo that the Senfation | 
of every Minimum will be affected by the whole. 
Minima which are contieueus-to it, and con- 


fequently none of thofe Minima will appear 
altogether diftinét, or as they are. But, as 1 
like not to dwell too lone oe fich Subtilities, 

leaving 


{ 
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leaving this Subje& to be further purfued by 
others, who may be more. as. leifure and are 
more ‘{killed in Mathematics than r aes if fhall 
ere AIO OG On) TOE 


CWA P. IB 09 


Of the Change that is $iade in the' Eye in onda 
to fee diftintl at different Diflances, and of 
the Ufe of the ecg gnc viscid in ne 
this Change*, 9. - 

ss i ail ROM what has iach id is 

Dag? 2oekge preceeding Chapter con- 
cerning the Manrier' of Vifion; and’ the Ufe 
of the feveral Humours of the Eye it refraaing. 
the Rays, fo as to make the Pictures of Objects 


-diftina, it follows, that, in order to fee Objects 


at different Diftances diftinaly, it is neceflary 
that 


* What follows on this Head, is sade taken Gong what 
I publithed before in the Ea@uburgh Medical. Effays, Vol. 1V. 
which having been well. received by the Public, I thought it 


‘beft to make but few’ Alterations in it, excepting fuch as were 


apiolnely neceflary for connetting it with the prefent Trear\ 
tule 
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that there fhould be a Change inthe Eye, left the 
Placein-which the Pi@ture of the Object is exact 
fhould fall fhort of or beyond the Retina, and fo 
caufe the Vifion to be confufed : For Inftance, 
if uft now my Eye is of fuch a Conformation, 
as that, when I look upon an Object at a Foot 
Diftance, I fee it perfectly and diftin@ly, by 
reafon that the Rays, which, in coming from 
the feveral Points of the Object, fall upon my 
Eye, are fo refracted by the Humours there- 
of, as to converge and meet again in fo many 
diftin® Points at the Retina; if this fame 
Object be removed to five or fix Feet 
Diftance, and the Eye, at the fame time, . 
retain unalterably its former Conformation, it 
muft appear confufed and indiftin@; becaufe | 
the Rays, which come from the Object 
at this Diftance, are lefs diverging, than 
when it was at a Foot Diftance; and confe- 
quently will, in pafling the Humours of the 
Eye, be made to conveen before they reach 
the Retina, and fo. paint thereon a confufed. 
Image of the Object: Whence it feems evident, 

that, in order to fee Objects.equally diftinet, at 
ene Foot’s Diftance, and fix Feet Diftance, it 
is neceflary that the Eye change its Conforma- 
tion ; either, by having its Humours made more 
or lefs flat, or, having the Diftance betwixt the 
Cr y/talline and the Retina.increafed or dimi- 
nifhed. And this does likewife further appear 


- by 
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by the Analogy of the Images painted on the 
Retina, and thofe painted on a Sheet of white 
Paper, by means of a Lens placed at a Hole 
~ in the Window-fhut of a dark Chamber; for 
if the Lens be of fuch a Convexity, as is necef- 
{ary to paint the Image of-a Body, at a Foot 
Diftance from it, diftincly upon a Sheet of 
white Paper, five or fix Inches behind the Lens, 
_ the fame Object removed to the Diftance of 
fix Feet from the Window, will not be paint- 
ed exactly upon the Paper, unlefs, in place of 
the former Lens, you fubftitute one lefs con- 
vex, or diminifh the Diftance betwixt the Lens 


and Paper, by bringing the wel nearer the. 


Window. 

§ 2. From thefe and fuch like einai 
taken from the Manner of Vifion, moft Phyfi- 
cians, as well as Philofophers,- have been 
brought to believe, that we have a Faculty of 
changing the Conformation of our Eyes, in 
order to fee Objects diftindlly at different Diftan- 
ces; yet the famous French Academift Mr. de 
Ja Hire is of a contrary Opinion, and con- 
tends, that at whatever Diftance Objeéts be 


‘placed; yet the Eyes never alter their Con-- _ 


formation; and this he endeavours to de- 
monftrate from feveral Reafons, and particu- 
Jarly from the following Sage fap Meir is 
truly very ingenious and beautiful: 

* Take 


me oe 
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Takesa Card, and pierce. it-with a Pin-in 
sad, three or more Places, fo asthe. moft 
diftant. Holes be not further from one another 
than the Widenefs of the Pupil: This done, 
fhut.one of your Eyes, and apply the Card. clofe 
te the other, fo as to view a fmall Obje& 
through its Holes; you thall be furprized to 
fee this Object multiplied as many times as there 
are. Holes in. the Card, providing it be placed 
out of that.precife Place, where it would be 


/moft diftin@ly feen -by the naked Bye; 3) $12 
“If 1 fee an, Object diftin@ly when, at.a Foot 


Diftance, it will appear fingle atthat Diftance, 
when. viewed. thro’ the perforated Card; but 
if it be removed to four, five or fix Feet. Di 
{tance, it. will always appear multiplied as often 
as. there are Holes;in the.Card... Ja like man- 
ner, if the Conformation of the Eye-be fach, 


‘as it cannot {ee Objects diftintly but a tfour 


Feet Dittance, it will at fat Diftance appr 


"To make "This iz erleaent an Flic, 
you mutt, for an Object, look: to.a {mall lu- 
minous Point m a. dark Place, fuch as alittle 


Hole in.a Card placed: before a Candle, or elfe 


you muft, look at a {mall, black Qbists flased 
before a white.Surface..; ). 
Now, it is certain, that ifthe Rays ok Light 
that come from each ee of the Object are 
exactly 


ee eS ee Pea 
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exactly united in a correfponding Point of the 
Retina, the Object will always appear finele, 
tho’ it be viewed thro’ feveral {mall Holes; 
” for the little luminous Cones, OHH, O+A/, 
(Pirate lV. Fig. 31.) which have for their 
Apex or Top a Point of the Object O, and 
_ for their  Bafis the little Holes in the Card 
HH, 4, will alfo have all their oppofite Tops 
go, in one and the fame Point ¢ of the Re- 
tina RR, which muft needs make the Object 
appear fingle: But if the Kye have not that 
Conformation, which is neceflary to re-unite 
thefe Rays in a Point in the Retina, each of 
thefe little Cones will be cut by. the Retina, 
either before or after their Re-union, and there- 
fore each Point of the Object thall, by its 
Rays, touch the Retina in as many. diftind 
Places as there are Holes in the Card; and.con- 
fequently the Obje& will appear multiplied, ac- 
cording to the Number of Holes. Thus, if the 
Rays conveen before the Retina, let AB be the 
Retina, it.is evident, from the Figure, that this 
muft receive the luminous Pencils at two di- 
ftinct Places x and x. And if the Rays conveen 
behind the Retina, let CD be the Retiua, which. 
alfo muft receive the luminous Cones at the di- 
{tinct Places ¢ andc. dn both which Cafes, the 
Object muft appear double, by reafon that its 
Pidture falls on two diftin& Places of the 
Retina: Whence it is eafy to fee, that if the 

Vou. I. Ddd Card 
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Card be ‘pierced in: three or more Holes, fo as 
the smoft diftant ‘Holes ‘may notobe. further 
from’ one: another tham the Diameter of ‘the 
Pupil ;. the Juminous Pencils, and the» Places 
jy the Rerina. where théfe Pencils do! fall, mutt 
be multiplied according to the Number, of 
Holes 3: from which Multiplication. the Object 
-itfelf muftvalfo. be: equally multiplied... From 
all which; the above named Author concludes, 
that! the ‘Conformation ‘of our Eyes. is never 
- changed, sat: whatever’ Diftance Objects» be 
placed: oF or, fuppofe. that I fee an Object 
diftin@ly.at.a: Foot Diftance, and at the fame 
Diftance:it appears fingle, when viewed through 
the perforated Card. if, to fee the fame Objet 
at four Feet EDitkanee; it were requifite that the 
_ Eye changed its Conformation, | then he con-_ 
cludes ‘it would: dos fo, when the ‘Object is 
viewed at. that Diftance through: the..Card; 
which ‘does not sid Hers as is evidewa from. its 
being multiplied... 

This iis the reat: npc tape Abapelen M. de 
Ja HIRE, both in the Fournal des Scavans, anit. 
R685, and.in shis :Diflertation fur des: differens 
Mecidens dela Vite publifhed in the Year 1693, 
endeavours to prove, ‘that the Cryftalline does 
not change its Figure ‘or Situation, and imge+ 
neral, ‘that the hye receives no new Figure or 
Conformation, in viewing Objects at different 
Diftances: . And, to do Juitice to the learned 
des. - Author, 


Rae en RRB hoy fo od gy 
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Autho#} it-mutt indeed: be acknowledged, that 
at firft View the Argument feems to go a great 
Way towards.a full/Demonttration, of what he 
alledges; nor, fo far as 1 know, has any Thing 
been yet offered by any Author, whether: Phy- 
fician, Anatomift or Optician} that can ‘in the 
leaft weaken or difproveit; and yet,all.of them, 
excepting MarTRE-JEAN andtome few others, 
continue to teach, that our Eyes change their 
Conformation according: to the Diftance of 
Objects, without fo much, as once taking no- 
tice of de /a Hir&’s Reafoning, or attempting 
at an Anfwer; which’ muft appear very ftrange 
to every Body. that confiders the Character of 
the Author, the Strength of his Reafoning, and 
how long: ago it, is that. his Opinion Bea been 
publithed to ‘the World.’ | 

+ .§+3.' In-apfwer to this. Aveurnent foe dela 
Hire, 1 ‘ence fufpected,. that, when, an Ob- 
je& is. -viewed thro’:q, preforated Card, the 
Eye, by, endeavouring to fee the Card, ad- 
apted itfelf, to as near.a Diftance as it could, 
and, by continuing in that State, occafioned 
the Object. to appear multiplied when at a 
greater or leffer Diftance, than that to which 
the Eye is then accommodated ; but, by fome 
Experiments, to be mentioned below, it foon 
appeared, that the Eye did not endeavour to 
fee the’ Card, nor by. any fuch ‘Endeavour 
was it accommodated to the neareft Diftance 


poffible ; 
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poffible ; and therefore fomething elfe muft 
be fought for, in order to reconcile this Multi- 
‘plication of the Object with our having a 
Power of aecommiotating our Eyes to its 
Diftance. | 

But, for the better underftanding this Mat- 
ter, it may be proper, before I go further, 
to clear up the State of the Queftion, by ad- 
monifhing the Reader, that it is not here 
- meant to inquife, why a {mall Object is thus 
multiplied when placed without the Limits of 
diftin& Vifion ; it being evident, that it ought 
then to appear multiplied, by reafon that: the 
Eye can never adapt itfelf to its Diftance. 
‘Thus, if I cannot fee diftinélly any Object that 
is nearer than Half a Foot, it muft appear 
multiplied at four Inches; And if I-cannet . 
fee an Object diftinétly that is further off 
than two Feet, it muft appear multiplied ‘at 
three Feet, and all greater Diftances. But 
my meaning is to account for this Multipli- 
cation, when the Object is ‘placed within’ the 


. Limits of diftindt Vifion, which we have 


here fuppofed to be at a Foot and a Half. 
Diftance from each other. And, after vari- 
ous Conjectures on the Matter, Lam now, at 
laft, fully fatisfied, that there are two ‘Caufes 
that concur in caufine this Phenomenon, by 
_ hindering the Eye to accommodate itfelfto the 
Diftance: of Objects viewed thro? the per- 

forated 


) 
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forated Card; viz. the diftinct Appeararice of 
the Object, and the’ Miftake that) the «Mind 
commits -with refpect to.its Diftance.: 

That the Object appears-diftin& when biased 
thro’a perforated Card, isevidentfrom Rea- 
fon as well as from Experience; for . the 
little Jumimous Cones OHH, Oh) (fee fill 
Fig. 31.) which have:for their Apex or. Top 
a Point inthe Object ©, and for their. Bajis 
the little Holes in ‘the Card HH, /h, will, by 
reafon of their Acutenefs, proceeding froth the 
Smallnefs“of the Holes, take up but a very 
_ little Spate’ upon the Retina, whence the Ob- 
ject muft appear pretty difting. Thus,vif the 
Object is at too great a Diftance, let 'o bethe 
Place where the Rays conveen, and let. AB 
be the Retina; it is plain, that the’ luminous 
Pencils will’ fall on the Rerina at wand Xs 


where, -for the Reafon juft now mentioned; ~ 


they muft take up but.a very little Space ; and 
confequently the Confufion muft be very 
fmall. In like manner, if the Object is’ too 
near, let CD be the Retina, and o the focal 
Point where the Rays are united, thefe Pencils 
will, at ¢ and <¢,” occupy fo fimall a Space on 
the Retiza,; as to occafion no fenfiblé sCon- 
fufion in the Object ; whereas, in both ‘Cafes, 
had it not been for ‘the’ Interpofition ‘of the 
Card, the luminous ‘Cone wiom, would, on the 
Retina, have taken up the whole Space Ky Of 
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ec, which muft have rendered the Appearance 
of the Object very. confufed! and. indiftinct. 
To correct which Confufion, the!Eye changes 
its Conformation; and: adapts « itfelf: to the 
Diftance of) Objects :feen withthe naked 
Eye. But; wheniby means of the perfora- 


ted Card, : this Confiifion is) taken off, -the 


Mind will. not ithen change the Conformation 
of our Eyes, there being : nothing: that ‘fhould 
influence it to fuch an Action.: Andi this «is 
one Reafon why the Object ‘is fo frequently 
found:multiplied, according to the, Number of 
Holes thro? which, it ‘is Viewed; tho’-ite-be yee 
ced “within the. Limits of didind Vifion, 


which « the Eye: can iB apeatoetl yc accommodate * 


itfelf.>! 
But: rede ‘is vat ‘another : Caufé slticld 
muft concur towards, this Multiplication, and 


that. is,. the Miftake. into which ‘the Mind 


falls -with ‘refpect to the Diftance.of ithe Ob- 
ject. It is not enough ‘that the Mind per- 
ceives no Confufion : For though this Con- 
fufion in our Sight is commonly believed to be 
- the only thing ‘that can influence our Mind to 
change the Conformation of our Eyes; yet, 


by reafon of that neceflary Connexion -and. 


Dependence, that will be hereafter fhown to 
have been eftablifhed by Habit: and Cuftom 
between'thofe Motions, whereby the Confor- 
mation, of our Eyes,is changed, and certain 

corre- 


~~ 
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correfponding Motions»of the Axes of Vifion, 
thefe Motions come: at Jaft always to accom- 
pany. one ‘another,and that fo neceffarily as 
- tormake: it impoffible for us, ‘byvany: Act of 
_NMolition; to direct ‘our Eyes: to.any. Object 
within the ‘Limits of ediftinct Vifion, without, 
at thefame time, giving them that: Difpofition 
that is:neceflary for feeing diftinctly at. that 
Diftance; and therefore, tho’ there fhould be 
~ no Confufion in the Object, when feen thro’ 
the perforated Card, it would not then appear ° 
multiplied, if placed within the Limits of diftinct 
Vifion, did: not the Mind miftake its Diftance: 
For:when the Mind judges rightly of the 
Diftance of any Object,» both Eyes are ne= 
_ ceffarily: directed towards it, and that as. well 
when one of them:isfhut,:as when both are 
open ;°\ from which Direction of our..Eyes, 
they muft-alfo be acconimodated to. its true 
Diftance >: Whence othe Object, will not ap- 
pear multiplied; and):therefore there mutt be 
-another:Caufe, ‘befides the. diftin® Appearance 
of the Object, that muft concur in this-Multi- 
plication; and ‘that is, the Miftake the Mind 
commits with refpect to its Diftance. 

I know that M. deJa Hire affirms, that we 
judgerightly of the Diftance of Objects viewed 
thro’.a perforated ‘Card; -and. indeed moft 
People, upon» ‘Trial, will’ be apt to fall into 
the fame Miftake; but we will afterwards have 

Occafion 
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Occafion to touch upon all the Means the 
_ Mind can poffibly employ for judging of the 


Diftance of Objeats; from. which it will ap- 


pear, that in the Cafe before us, we can fcarce 


form any Judgment: with refpect to Diftance, 


‘but what is: wholly founded upon » Prejudice 


and Anticipation, which cannot fail of betray= 


ing us into Error and Miftake. Seeing then 
that we are fo liable to be miftaken in the 


judgment we form of the Diftance of Ob- 
jects feen’ thro’ a perforated Card, it needs be 
no Surprize that the Eye fhould not be accom- 


modated to their true Diftance; and that, for 


want of this Accommodation, they fhould 
appear multiplied. according. to. the Num- 
bey of Holes thro’ which they are viewed.) 

'§ 4. Thus I have fully. aufwered the Ar- 
gument wherein de Ja Hire places his: main 


Strength, and have fhown that the Eye may — 


be poflefled of a Power ‘of changing its Con- 
formation, and of adapting itfelf to the Di- 
ftance of Objects, tho’ this Power fhould 
not be exerted when the Object is viewed 
thro’a perforated Card. But then our Au- 
thor alledges, that from an anatomical Ex- 
amination of all the Parts belonging to our 
Eyes, it willbe found, thatnone of them are 
capable of making any of thofe Changes in 


‘the Eye, that are Tuppofed neceflary for fee- 


ing diftinctly at different Diftances; but this 


we 


Ag at Beh BA el SES Ja teers Bak a AS aan mh fd ee oe 
§ we Fe < ’ 7 Unga | 
a , ’ ' ‘ 

\ 


Chap. IE. «dy the Ligamentum Ciliare. go 


wé fhall confider afterwards, when Wwe come — 
to inquire into the Caules of thefe inward 
, Motions in‘our Eyes. | 
§. 5. Phere is yet aeother Weigh 7 Arise 
ment brought by the learned Author avaintt 
this Change i in our Eyes; and that is; that 
there isno Néeth of fuppoline aay fuch: Chan ve; 
and that the Eye can fee Objects diftinétly 
enough at different Diftancés; fo as not tbe 
fenfible of any Defect in the Sight, without 
Being, obliged :to-have Recourfeto sii ig 
— imits Conforiiatiohe ss <2 
»iFor underftanding thisy wwe rhtitk FTE. ob- 
ferve, thatifvan Objee appear diftin® at fix 
Feet: diftance; that. is, if ‘the Conformation 
of ithe Eyé befuch’ ass" “necéflary’ to’ Fefract 
the Rays: which come’ from’ a’ Point of the 
Object at that Diftance, fo as that} ‘in falling 
upon the Retina; after’ Refraction,» they im- 
prefs it with a difting: ‘Image of that Point 
from whence they came,’ then at’ whatever 
_ gteater Diftance the’ Objes be placed, it -will 
alfo appear diftint: ‘The Reéafon of which is, 
that whenithe Object is’at fix Feet Diftanice, 
the Rays which, in: coming from a Point 
thereof, fallwpon thé Pupil; are nearly pa- 
rallek: And therefore at whatever. greater Di 
ftance the Abject be‘ placed,’ the: Rays may be 
conceived” as parallel,’ and confequently the 
ere Conformation of the Eye. that is ¥ne- 
mWMor. I. Kee ceflary 
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ceflary.to refrac them, fo-as to make the Ob- 
ject appear diftinct at.fix Feet Diftance, will 
alfo refract ‘them in the fame way, and there- 
by make it alfo appear diftinct at all greater 
Diftances. 

Now, this. being underftood, let us fee how. 
dela Hire accounts for diftinct Vifion at dif 
ferent Diftances , without chante the Con- 
formation. of the Bye. ; 
. Suppofe then that a Man’s Sight is good, 

that is, that-he fees Objects diftinctly enough 
at a Foot Diftance, and likewife at fix Feet 
- Diftance ; it follows, from what has been {faid, 
that to fee Objects. at all greater Diftances 
than fix Feet, there is no Need of any Change 
in the Conformation: of the Eye: So thatthe 
only Queftion is, How the Object can ap- 
pear diftinct, both at the Diftance of fix Feet, 
and .of one Foot, . without. fuffering any 
Change in its Conformation? 

To this the above named Author an (aren: 
that .to fee Objects fo diftinctly, as not to be 
fenfible of any Defect in the Sight, it is not 
needful that the Rays, which come from a 
Point in. the Objet, fhould be united ac- 
curately in a Point in the Retina, -but that it 
is fufficient they fhould be nearly fo; whence 
he concludes, that if the Conformation of 
the Eye be fuch , as when an Object viewed 
thro’, two Holes ina Card at two Feet Di- 

ven 44 {tance 
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{tance appears fingle, becaufe all the Rays — 
that-come from the feveral Points of the Ob- 
ject are united accurately in fo many Points 
_ inthe Retina; then, at one Foot Diftance, the 
Place where the Rays meet will be a little be- 
hind the Retina, and’ at fix Feet’ Diftance it 
will be a little before it, tho’ not fo much in 
either Cafe as to render the Object indiftina; 
becaufe the Rays which come from the feveral 
Points in the Object, do, in falling upon the 
Retina, meet nearly, tho’ not accurately, in fo 
many correfponding Points: And therefore — 
he concludes, that thofe who have their Eyes 
of a Conformation proper to fee Objects moft 
diftin@ly at two. Feet Diftance, will alfo fee 
them diftin@ly enough both at one Foot Di- 
ftance, and fix Feet Diftance; and if they fee 
diftinlly at fix Feet Diftance, then they muft 
alfo fee diftinétly at all greater Diftances: 
And thnshe accounts for that perfec Vifion 
which ftands in the Middle betwixt fhort and 

long Sight, without any Change in the Eye. 
And as for the Sight of old Men, who can- 
not fee diftinctly at any lef Difance than 
three Feet, he fuppofes that their Eyes are of 
a proper Conformation to fee Objects at four 
Feet Diftance moft diftinetly ; from which he 
infers, that at three Feet and all greater Di- 
ftances, the Picture of Objects upon the Retina 
will be pretty diftinct, and confequently pa 
wil 
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will be feen without any fenfible Confafion, 
tho’ the Kye fufiers no Change in its Con+ 
formation. 

Jn Lke thannet; in thofe that are fhort- 
fighted, and cannot fee Objects diftinaly 
at a greater Diftance ‘than a Foot, he fup- 
pofes the Eye to be of a Conformation pro- 
per to fee moft diftinctly at Half a Foot’s Di- 
ftance,° and thence concludes, that the Pi- 
eture made on the Retina, when the Object is 
at any Diftance betwixt four Inches and a 
Foot will not be confufed; and confequently 
the Object will be feen diftinctly enough, with- 
out any Change in the Eye, unlefs its “Diftance 
-be eveater than a Foot, or le& than four 
Inches ;, in which Cafe the Image on the Retina 
will begin to be confufed, and confequently 
the Object itfelf will allo appear confufed and | 
“indiftinct. 

§ 6. This is infew Words the Sum of vile 
de Ja Hire advances, concerning our feeing 
Objects diftinctly at different Diftances, without 
haying Recourfe to any Change in our Eyes. 
And. indeed it cannot ‘be denied but the Eye 
has fome Latitude of feeing Objects diftinetly, 
without changing its Conformation, tho’ they 
be. a little fur ther fr inceapiameo So to the Lye,. 
than what is neceflary:for collecting the Rays: 
that come ‘from the feveral Points of the 
Object 
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' Object in fo many precife Points in the 


Retina; and that becaufe when the Object is 
not far removed from that Place, at which 


-. the Rays coming from the Object meet again 


at the Retina, the Image thereof. will be pretty 
diftinct, and therefore will not’ ‘occafion any 
fenfible Confufion of Sight. : 
But it does not far thence follow, that 
our Eyes do not change their Conformation, 
when ‘Objects are’ much removed from that 
Place where they appear moft diftinctly: For 
befides what we have faid before, in fpeaking 
of the Images of external Objects, caft up- 
on a Sheet: ‘of White Paper, by means of a 
Lens placed at a Hole in the Window-fhut 
of a dark Chamber, where we. obferved, that 
in order to make the Image diftin, it was 
necéflary, according ito the ‘different Diftance 
of ‘the Objet, either to change the Lens, for 
one shore or lefs convex; or to change the 
Diftance betwixt it and the Paper, by bring 
ing the Paper nearer'to, or further from the 
Lens, according to the different Diftances of 
the external Objects I fay, ‘befides this, Ex- 
perience teaches us, that the Conformation of 
our Eyes is changed, in viewine Objects at 
different Diftances, For every ‘body knows, 
that the Eye cannot fee equally ‘diftinGly, at 
the fame time, Objects at’ different Diftances, 
é, g. If with one of ‘your BEY: the other be- 
ing 
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' ing fhut, you look attentively to a;fmall.Ob- — 
ject, fuppofe a Pin, at Half a Foot or a Foot 
from the Eye, and at the fame time place 
another. at fix Feet Diftance, that at fix Feet 
will appear exceeding confufed; but if you ap- 
ply yourtelf to obferve accurately that ,at fix 
Feet Diftance, then will appear diftin@ly, 

but the other next the Eye. will appear very 
confuled and imperfect; which plainly fhews, 
that when the Difpofition of the Eye is fuch 
as is neceflary for making a diftin& Picture of 
the Pin at one Diftance, “the Place where the 
diftinct PiCture of the other Pin is made, muft 
fal fhort of, or beyond the Retina; and con-, 
fequently, upon the Retina itfelf the Picture 
muft ‘be confufed, from» which Confufion, 
Vifion is rendered. imperfect and . indiftin@ ; 
and therefore, fince at pleafure I-can fee di- 
ftinctly either of the Pins I will, while at the 
fame time the other appears confufed, | it fol- 
lows, that I have a Power of changing the 
Conformation of my Eye, and of adapting it 
tothe different Diftances of Objects: And thisis 
the only Reafon can be given, why Objects with- 
out Doors do not appear ‘diftiné:thro’ a Window- 
elafs, when the Eye is attentive in obferving the 
little Scratches or Particles of Duft upon the 
Surface of the Giafs:; And, on the contrary, 
when attentive to the external Objects, it does 
not diftin@ly obierve the Scratches or opaque - 
| Particles 
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Particles of Duft upon’ the Glafs'; the Con- 
formation of the Eye in the one Cafe being 
fuch as'to paint diftin@tly upon the Retina the 
Images of the Scratcltes'and' Particles of Duft, 

but not: to paint thofe of the external Objects 
but confufedly ; and, in’ the other Cafe, the 
Conformation of thé. ‘Eye is adapted to paint 
exadtly upon the Retina the Images of external 
Objeéts;'and therefore the Place; where’ the 
diftin’t Images'of the Scratches are made, muft 
fall behind the Retina, from which they muft 
appear confufed and imperfect: And, indeed, 

were it not for the’ Change that is made in 
the Difpofition of the Eye, it were very dif- 
ficult to. explain ‘how’ Birds, ‘that: duck. in 

- Purfuit-of their Prey, {hould'be enabled to fee 
both in Air and Water, feeing the Refra- 
ction that happens in the Eye is fo far dif- 
ferent in: the one Cafe from what it is in the 
other. 

‘To ‘weaken the! F orce of thete Objections} 
M. dela Hire ‘has Recourfe to the Mobility 
of the Pupil, from which he endeavours. to 
account for diftin& Vifion at all Diftances, 
without’ any Change in the Conforniation of 
the Eve’; but with’ what Succefs ‘will. appear 
afterwards when we come to treat of the Mo- 
tions of the Pupil. - 

§ 7. Having thus eOntidred wit de la Hr IRE 
brings in ‘fupport of his’ Hypothefis, I fhall 
now proceed to fome Experiments I made 
: for 
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for meafuring the Streneth and Weaknefs » of 
Sight; whereby not only the-Fallacy of de la 
Hrre’s Reafoning will be made further mani+ 
fe(t; but it will alfo be demonftrated, beyond 
all. Exception, that our). Eyes’ -change, theif 
Conformation, and adapt;themfelves to the 
various’ Diftanees of Objects; within cértain 
Limits ; which Limits will alfo’ be accurately 
determiried :» But that -thefe Experiments may 
be the better underftood; J Tout bait arg 
the following Axioms + 


AX1LOM : | 
When. an Objet, fen. with both. Eyes, ap 


_ pears dotble, by reafon that its Diftduce: aslefs 


than that to which the Eyes are; directed, upon 


covering either. of the Eyes, the Appearance:that - 


is on the: contrary Side soil vanifh ; cand-of 4 
appear double, becaufe its Diftance is greater than 
that to which the Eyes. are directed, upon cover- 
ing either of the Eyes,,the Senet bbate as Jon 
the fame Side will pape 


- InLusTRaT Ton. To iluftrate: shah ts See 
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and Bare the Eyes, », the Objet; which 
is at a fmailer Diftance than the. Ponit 


C, to which . both, Eyes ‘are. directed : | 


Tt is evident, that wade the Eyes continue 
af 5 directed 
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directed to C, the Object x muft be feen 
‘in two different Places, which, . with refpect 
- to the Horopter, to which all Objetts are refer- 
red, will be D andE 3..for, being feen by the 
Right-eye B, in the Direction of the vifual 
Line BaD, it mutt, at Dy hide a Part of the 
Horopter DCE ; and being een by the Left- 
eye A, in the Direction ‘of the vifual:Line 
AxE, ic muft dude a Part of the Horopter -at 
E.; and therefore, with tefpect to the Hor oprer, 
on which the Eyes are fixed at C, the Object 
x muft appear to the Right-eye B, as at D, 
and to the Sheft-eye A; .as at HE; and, in 
covering either of the Eyes, the Appearance 
that is on the contrary Side» will be made to 
vanith. 

_In like manner, if the Eyes are directed to 
x; the Object C, which is further off than x, 
will be feen by the Right-eye B, in the 
Direction of the vifual Line BwC; and by 
the Left-eye A, it will be feen in the Direction 
of the viftial Line AOC: And therefore, with 
refpectto the Horopter mxO, to which all‘Objects 
are referred, it muft appear double, as at 
and Oy; and im covering the Right-eye B, the 
Appearance that is on» the right Side towards 
m will vanith; and in covering the Left-eyeA, 
the Appearance that ison the left Side towards - 
QO will vanifh: » All which is dione acreeable 
to Experience. 

uWoL. I. oye f f AXIOM 
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When an Objett iniilears double,. fot its ade 
Seen with, one Eye. thro’ two : {mall Holes made 
in a Card, or any other opaque thin Body, if its 
Diftance be greater than that to which the Eye 
is accommodated, upon covering either of the Holes; 
the Appearance that is on the fame Side will be 
made to vanifh; and if its Diftance be lefs than 
that. to which the Eye is accommodated, upon 
covering either of the Holes, the Appearance that 
is oft the contrary Side will be made to vaitilh. 


Leihameach Aavecie Let: Eo be? sthe Ry 
(See Prate V. Fig. 35. and 36.) ' QT 
the Card, in which are two fmall Holes 
dand sr, and let A be a fmall Body, 
ata oreater or leffer Diftance than that to 
whi¢h.the Eye is accommodated’; the Rays 
of Light Ad, Ar, will not, after Refraction, 
converge to a Point: in the Retina; but, by 
reafon ‘that the Diftance of the Object A is 
ereater or lefs than-that to which the Kye is 
accommodated, they will be made to converge 
to fome other Point, either before or behind 
the Retina, fuch as o; but on the Retina ‘itfelf 
they will-fall on the different Points 7 and m, 
at both which a Picture of the Object will be 
formed; from which Duplication of the 
} Picture 
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Picture the Object itfelf will alfo appear double 
at\C and B, viz. in the right Lines iC and mB, 
which are fuppofed to be drawn perpendicular 
to the Retina from the Points z and m,: where 
the Pictures fall! Whence it is evident, that 
if, the Hole atd be covered, there will be. no 
Image at 7, and confequently the Appearance: 
at: C will vanifh; and if the Hole at r be 
covered, there. will be ‘novImage at m, and 

' confequently the Appearance at B muftvanifh: | 
But, when the Object A is at a greater Di- — 
ftance than that to:which. the: Eye is accom- 
modated, as in Fig. 35. the Appearance that 
is made) to vanifh,’ by covering either of the — 
Holes dor.r, lies.on the fame Side with the 
covered Hole. But, when the Object»A is at 
a lefs, Diftance than that: to which the Kye is 
accommodated, as in Fig. 36. the Appearance 
that is made to vanith lies on the contrary:Side 
of the Holethat is Roxsredis as has been afiirm= 
éd in the Axiom. 
~ Exper. 1. 1 took a finail Plate of ihite 
Tron IK, *(See Prare Vi Fig. 37.) in which I 
cut two parallel narrow: Slits, whofe Diftance 
from oneanother did not exceed the Diameter 
of the Pupil.» Thefe Slits gave Paflage to more 
Light than what could pafs thro’ the Holes; and 
therefore were fitter formy Purpofe, it being 
neceflary that the Object fhould be clearly feen. 
This Plate I held clofe to my Right-eye B, in 

—— fuch 
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fuch manner as the Slits might: have a) vertical 
Pofition; and having fhut: my Left-eye As 
thro” thefe Slits | viewed the {mall} Object O, 
whicly alfo had a:wertical Pofition; and. confe: 
quently was parallebto the Slits.:: In this Ex 


periment the Object O: was, at fach a Diftance 


from the Eye B, as to appear: fingle, when 


viewed in this manner thro’ the Slits: But; | 


when both Eyes ‘were opened,»and directed 
toa more diftant Pomt, fuch as P, three Aps 
pearances were feen, a,b andC; which Ap- 
pearances were nearer to, or further from each 
Other, according as the Point P was nearer to; 
or further from the Object O;, and im covering 


the Left-eye A, the “Appearance.a,. that was - 


ou the contrary Side, did vanifh; which Aps 
pearance did therefore belong to the EyeAs 
And, in covering the right Eye B, the: Ape 
pearances on the ¢ contrary Side band C, belong+ 
mg to the Eye B, did vanith ; from which 4 
was certain, that the Diftance. of the Object O 
was lefs than that to which the Eyes were di- 
rected. (See Ar. 1.) This being done, my 
next Bufinefs was to examine, whether thefe 
double Appearances ) and C, that were feen 
thro” the Slits, did not alfo proceed from the 
Object O its being at alefS Diftance:than that 
to which the Eye B was then accommodated ; 
and upon Trial [found it wasfos' for, by cover 
ing nine of the Slits with my Finger, the 
Appearat ance 


1 ae a Dithstiont.of my Eyes we cise 
both)inwards towards a nearer Point, fachias ay 
bywhich’ alfo three Appearances:wers feenid ¢ 
and ;:-and thefe Appearances were alfo neaxer 
to, or further from. one another» according as 
_ the Point’w was néarento, or further from the 
Object O; but they were always in a conttary 
Order to, thofe that |were ‘feen,’ whien my Eyes 
were directed as above: For .the Appearance 
Fy / feen: by: the -Left-cyevA, was >on; the left 
Side, and-the Appearances: d:and-eJ) which 
were feen thro’ the Slits’ by, the Right-eye B, 
wereonthe right Side 5, whence Iwas certain, 
that the Diftance of the Obje&’Q: was! greater 
than)that to which;my Eyes were: direateds 
I then covered one oof thefe Slitswith one of 
my Fingers, and 1 found that the Appearance 
that was.on the fame Side did always, vanith; 


from. which; when compared. with: the fecond~ 


Axiom, it follows, that the Obje&O isthen at 
a greater Diftance than that to whieh the Bye 
is accommodated. 

In making this and all the iikctino: Ex 
periments, it-was neceflary that the Object: O 
{houlds:-be-as confpicious as -poffible;: What 
~ upon trial E found:toanfwer beft, was a narrow 
plit made.in a dark Santern, i in which alighted 
| Candle 
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Candle was put, to’ render: it luminous, tho’ 
fometimes I alfo made ufe of ablack °Line 
upon white Paper, or a white Line upon black 
Paper ;- both which anfwered: very well in‘ all 
the Experiments wherein the Diftance’ ofthe 
‘Object did’ not ‘exceed two Feet; | but when 
the Diftance was greater, thefe Lines. began 


~ to be obfcure, and: by reafon of ‘theimOb- 


{curity ,: the ep x peniceee _ not scare t0 
well.) >. 
Tt muft alfo be iiteronld ewe once fie! alll 
that tho’, inthe above Experment, it was eafy 
for me todirectt my°Eyes to a Diftance that 
was cither greater or lefs than the. Diftance 

of the Object O, without: the Affiftance of 
any other Obje&t, on which my: Eyes: might 
be fixed;. yet'in this, as well as in many of the 
fubfequent Experiments, I was fometimes 


‘obliged to put air Object in that Place; towards 


which both Eyes were to be dire@ted; and this 
was always ‘neceflary, either) when a-gteat 


Effort was needful to give the Eyes the defign+ 


ed Direction, or when, for obferving> the 
Phenomena more accurately, the Experiment - 
required that the Eyes fhould for fome ‘Time 
be kept fixed'in a certain determined Direction ; 
both which are made much eafier, by having 
an Object on which the Eyes maybe fixed. 
When it was required that my Eyes fhould be 
ea toa very near Diftance, for the 


ey 


7 
4 
% 
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Object O, I made ufe of a black or white Line; 
made on Paper of ah’ oppofite Colour; and 
at the Place x, to, which my Eyes were to 
be directed, I held’ in a horizontal Pofition, 
and parallel to my Eyes, any {mall Object 2x, 
fuchas a Bit: of the Stem-of a Quill, whofe 
Extremity « I looked :at'for-an) Object; but 
whenithe Experiment required: that my Eyes 
fhould be directed :to tome; Point -at-a. con- 
fiderable Diftance beyond the Object O, . for 
the Object O, I: made ufe of the narrow Slit 
in the Lantern; and atthe diftant Point P, 
to which my Eyes were to’ be directed, I 
placed*another dark Lantern, invwhich was 
the horizontal Slit PQ 5‘whofe Extremity P, 
which was'feen by the Right-eye;:in-the vifual 
Line BOP that pafled immediately above the 
upper, End. of. the Object. O, ferved:me as a 
Point ‘of View, on which [ could; eafily fix 
both Eyes, while I attended to the Appearance 
of the: Object O. 

Now, from. this Experiment; compared 
with the preceeding Axioms, it clearly fol- 
lows, 

Imo, That we are poffeffed of a Rowver of 

changing’ the Conformation of) our Eyes, 

and of adapting them»to various Diftances. 

_ 2do, This Change in our Eyes; whereby 

they are fitted for feeing diftinétly. at; different 

Diftances, does always follow a fimilar, Motion 
fils in 
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in the Axes of Vifion, with which it,hasbeen 
connected by Ufe and Cuftom; for, when the 
Eyes were directed to P, othe Obje& O was 
een. dotible thro’ the Slits,’ and by covering 
one ofthe Slits, it appeared that thé Eye was 
adapted. to:‘too great‘a Dittance ;\ andvas:the 
Point Powas broughtimearer and nearer’ the 
Object O, thefe Appearances approachedinearer 
and. nearer to one another contintally, ‘till at 
laft, when the PointPbecame very nigh to O; 

they coincided in one at'Os-which thews that 
the Eye was then adapted to its Diftance. 
But when the Point P was: moved along the 
Line Ox, from O tox, two Appearances of the 
Object O were again ‘teen’ thro’ the Slits; 

which -Appearances being in a. contrary Order 
from what were feen; when the Point P was on 
the other ‘Side of the Object QO, it follows, that 
the Eye was then adapted to too fmall a Di- 
ftance. (And as the Point P,\im its Motion 
- from O to x, receded further and further-from . 
O thefe Appearances receded further and fur- 
ther from one another.continually. From all 
which, it is evident, that there is a necef 
fary Connection and Dependence eftablithed 
betwixt thofe Motions, whereby the Conforma- 
tion. of our Eyes is\changed, and ‘certain cor- 
tefponding Motions in the Axes of Vifion, 
which makes it impoffible for us to’ direct our 
Eyes to. ‘Any? oe within the Limits of — 

diftinct 
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diftin& Vifion, without -at the fame time 
giving them that Difpofition that is neceflary 
for feeing diftinély at that Diftance; but 
thefe two Corollaries will be ftill further con- 
firmed by the Experiments that follow. — 

Exper. 2. The Diftance of the Object O 
(ftill Fig. 37.) being 5 Inches, I viewed it 
thro’ the Slits, the other Eye A being {hut or co- 
vered, and it appeared double ; and, upon cover- 
ing either of the Slits, the Appearance that 
was on the contrary Side was made to vanith; 
and therefore the Diftance of the Object was 
lefs than that to which the Eye was accommo- 
dated; and both Eyes being open, and di- 
rested. tox, whofe Diftance fir om the Eye. was 
about three or four Inches, three Appearances 
were feen, d, e and F, whereof the Appearances 
dand e belonged to the Right-eye B, and 
when with my Fi inger I covered either of the 
Slits, the Appearance. that was on the contrary 
Side did vanith; whence it is evident, that I 
cannot, by any Effort, fit my Eyes to fo mail 
aDiftance as five Inches. 

Exper. 3.4, ands. At fix, fevenand sigh? 
Inches 'Diftance, when one Eye was fhut, the 
Obje& O, feen thro’ the Slits, appeared 
double ;. and by covering one of the Slits, it 
was evident that its Diftance was Jef than 
that to which the Eye was accommodated. 
And in looking with both Eyes to «, whofe 

Pon. 1. Ge ¢g | Diftance 


418 The Eye adapted to Diftances Book IT . 


Diftance fromthe Eye was about Half the 
Diftance of the Object O, a double feppentance 
was feen, one at F, bel longing to the Eye A, 
and the other at x, belonging to the Eye B; 
but this Appearance at x was always fingle, 
tho’. feen thro’ the Slits; -whence - it foun; 
that my Eye cannot accommodate: itfelf to a 
Diftance that is much lefs than Gx, even or 
eight Inches. 

“EXPEr. 6. At the Diftance of nine aaa: 


the Object O, feen thro’ the Slits, the other . 


liye bei ing fhut, appeared. fometimes fingle, 
but moft Uy double; and when it appeared 
double, it was evident, by covering either of 
the Shits, that it was too near, with regard to 
the Difpofition of the Eye; and when both 
Eyes'were open, and directed to the Quill x, 

wnich was at Half the Diftance precifely, three 
_Appearanceswere feen, whereof the Appearances 
dand e did belong to the Right-eye B, to 
which the Slits were e appli ‘ed; and in covering 
one of thofe Slits, the Objet on the fame Side - 
difappeared: Whence I was certain, that the 
Object was too far off, and that my Eye can 
be accommodated to a lefs Diftance than 


nine Inches, but. not. much, as may be _ 


learned from the WNearnefs of the Ap- 
pearances, as well as. from the four laft 
Experiments, 

From. 


a 


: 
"a 


(a 
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From the fivelaft Experiments laid together, 
we may fafely draw the following Corollary, 
VIZs 

Phe neareft. Limits of diftin® Vifion, 
my Eves, is at about feven Inches Diftance} 
for, ‘by the fecond Experiment, it appears, that 
my Eyes carinot be fitted to fo fmall a Diftance 
as five Inches; and by the laft Experiment it is. 


plain, that theycan be accommodated to a lefs 


Diftance than g Inches; and the third, fourth 
and fifth Experiments make it: manifeft, thet, 
at fixy feven, andjeight Inches -Diltance, the 
Obje&. feen: thro’ the Slits: appears always 
finele, | whatever Effort be made,to double it, 
by ftraining the Byes, to fee, a; nearer Objects 
whence, the middle, Diftance feven. Inches,- 
feems to be nearly the neareft Limits of my, 
Eye, beyond which it cannot go; and there- 
fore, all Objects that are ‘nearer than feven, 
Inches, muft appear more and more confufed, 
according as their Diftance is lef and lef than 

feven Inches: tet 
Exper. 7. In looking to an Objed at two 
Feet Diftance thro’ the Slits, the other Eye 
being -fhut, it always appeared double and too 
far off, rae: in loolting with both Eyes to a 
more diftant Objet, vit was then alfo feen 
double; but, in:covering “either .of the Slits, 
the Appearance on the oppose Side did vanifh:. 
Whence’ it was evident, that the Object was 
then 


420 The Eye adapted to Diflences Book IL. 


then too nigh; but thefe Appearances 


were fo clofs, that they did almoft touch one 


another; which fhews, that my Eyes can 
fcarce go further, than to:accommodate them- 
felves: tothe; Diftance’ of two Feéet.2) 2970 4 
Exper. 8. At two Feet and a Half, three 
Feet, and all greater Diftances, the Object O 
not only appeared double and. too: far off, 
when ‘viewed «with one: ‘Eye thro’ the Slits ; 
but when both: Eyes were open, and directed 
to a very diftant Object, the double Appear- 
ance that was then feen thro’ the Slits,» was 
fuch, as by covering one of ‘the Slits, made it 
evident, that even then the Object was too far 
off ; from which it follows, that my Eyes can 


never by any Effort be accommodated tafo great 


a Diftance as two Feet and a Half. 

‘Coro. From this, and the immediately 
_preceeding Experiment; it feems probable, that 
the furtheft Limits of my Sight reaches to 
the Diftance of about 27 inches ; ; for, by Ex- 
periment 7. itis plain, that I can accommodate 
_ my Eye to a Diftance that is greater than two 

Feet, and by the laft Experiment it is manifeft, 
that my Eye cannot accommodate itfelf to fo 
oteat a Diftance as ‘two Feet and a Half: 
‘Whence it emis reafonableste conclude, that 
the furtheft Limits of my Sight lies about the 
middle Diftance betwixt both. 

Exper. 


—-—  ——-— 
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EXPER. givand ro. At ‘ten and twélve 
Inches Diftance, the Object O, feen with ‘one 
Eye thro’ the Slits, did, asin Experiment 6. 
‘where it was at the Diftance of nine Inches, ap- 
pear fometimes fingle, but frequently double: and 
too nigh. , 

DeExper. 11.’and 12. Atsthe Diane of 
fifteen and eighteen Inches, one Eye being 
fhut, the Object O, feen thro’ the Slits, appear- 
ed fe tsctanes fingle, and at other times double ; 
but when it was double, by covering one of ; 
the Slits, it was always found to be too. far 
off, | 

| COROL. From the four: Jaft Rater tent 
as well as from fome ofthe preceeding” ones, 
it) is manifeft, 1mo, That .the Eye does fre- 
hacige miftake the Diftance of the Object 
een thro’ the Slits; for when its‘ Diftance lies 
betwixt the Limits. of diftm Vifion, to 
which the. Eye can eafily accommodate’ itfelf, 
it would never appear double did: not the Mind 
miftake its Diftance. And this is the Reafor 
why, when both Eyes are open and directed to 
the Object, it appears fingle at alk Diftances' with- 

in the Limits of diftinct Vifion, by Reafon the 
Eye is then accommodated to its Diftance; 
which is then known to us by means of: the 
Angle which the optic need make at the Ob- 


aig 
| ado, | 
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2do, The Judgment which the Mind forms 
with réefpect to the Diftance of Objects, feen 
with only one ye thro’ the Slits, is not always 
the fame, but» is fluctuating and. inconitant, 
as may be gathered from the four. laft Expe- 
riments, where the Object fometimes, appear= 
ed fingle, and .at other times. double ; . and 
when it appeared double the Diftance be- 
twixt: the Appearaness was not conftantly the - 
fame. 
»» 3tio, If the Object fen thro’.-the Slits, the 
other £ aye being {hut, is not much beyond the 
neareft. Limits of diftinét Vifion, when the 
Mind, miftakes its, Difiance, it. imagines) it 
further off than, it-'really is; as is evident 
from :the 4th, 5th, 6th, oths and roth Exe 
periments. But, 3 

4to, When. the Object is not a great i deat 
nearer than the furtheft Limits! of diftine: Vie 
fion,* when. we miftake its Diftance,.we ima- 
gine it nearer than’ it really is 5,,.whence, it 
apppears-double, becaufe it is too far. off with 
refpect to the Conformation of the Eye; as does 
appear from. the ah, rith, and 12th, expe 
riments. 


If it ould be. here ingle why he a 


Mind. miftakes the Diftance of. the Objec& 

feen thro’ the Slits, the other Eye, being fhut 2, 

To this I anfwer, that by running over all the 

Means the Mind can poflibly employ for judging | 
) 
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of the Diftance’ of Objects, which Means we 
will have occafion to touch upon below, it will 
appear, that, in the Cafe before us, we cai 
{carce form any Judgment with refpect to Di- 
ftance, but what is intirely founded upon Pre- 
judice and Anticipation: “And therefore, it 
needs be no Wonder, that we are frequently 
Jed into Error and Miftake, and that the Mind 
fhould be fo fluctuating and inconftant in the 
Judgment it forms of Diftance. 

W en I made the foregoing pabtisendh J 
defigned to repeat them with more Care and 
Exadinefs, and to make fome new ones of the 
fame Sort, by Means of an Inftrument I had 
contrived for that Purpofe; which, from its 
Ufe in meafuring the Limits of diftinet Vifion, 
and in determining with great Exa¢tnefs the 
Strength and Weaknefs of Sight, may be called 
an Optometer; but I was then interrupted, and 
{ have not now time to take thofe things into 
further Confideration ; thofe who defire fuch 

an Inftrument, may ealily “make one from what 

has been above facraltat 
§ 8. Having thus fufficiently demonftrated, 
that our Eyes ‘do change their Conformation, 
and adapt themfelves to the different Diftances 
of Objects, it remains, that we examine where- 
in this Change confitts, and. by what Mecha- 
nifm it is introduced; about which Authors 
are very much divided in their Opinions ; the 
chief 
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chief of which we fhall now confider, and fix 
upon what we think moft probable, leaving 
every. Body at Liberty to differ from us, as he 
fees Reafon. | 

Some are of Opinion, that the whole 
_ Globe changes its Figure, by being lengthened 
into an oblong Figure, when Objects are near ; 
and by becoming flat, when they are removed 
to a greater Diftance. This indeed very well. 
accounts for the diftinct A ppearance of Objects at 
different Diftances ; foraccording as Objects are 
nearer of further from our Eyes, their Images will 
be painted at different Diftances behind the cry- 
talline Humour. And therefore, if we have 
a Power of rendering the Eye flat or oblong; 
the Retina will be brought to that precife Place 
behind the Cryftalline, * where the perfect Image © 
of the Object is made, and confequently will 
be feen diftintly, — 

Now, this Change in the Figure of the Bye 
is differently explained by Authors: Some 
maintain, that it is rendered oblong, by the 
joint Contraction of the two oblique Mutcles ; 
and this Opinion Dr. Kriur likewife em- 
braces. His Words are: ‘* The aqueous Hu- 
<« mour being the thinneft and moft liquid, 
© eafily changes its Figure, when either the 
“<< Ligamentum Ciliare contra&ts, or both the — 
<< ins Mutcles fqueeze the Middle of the | 
* Bulb of the Eye, to render it oblong, when 
: | < Objects © 
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ay Objects are too near ts? “(See his “Yate 
chap: iv. Sect. 4.)° | 

But this is by no Meals GLa: ‘for, in 
order that the Eye may be rendered oblong 
by the Contraction of thefe Mufcles, it is ne- 
ceflary to eRe that ‘they ptefS’ its. Sides in- 
ward towards its Axis; but this they” cannot 
perform, becaufe, their Difpofition is not pro- 
per for that Effet: Had they been fo ‘difpofed 
as to embrace the Globe in the Form ofa Ring, 
their Contraftion might then have fqueezed 
the Eye into an oblong Figure; but their pre- 
fent Difpofition is very ‘far different from what. 
feems neceflary for producing , this,Changé in. 
the Eye, which we fhall not now repeat, ha- 
‘ving, in treating of the Exrernal Motions of 
this Organ, defcribed them at fome Lenght. 

But befides this, there ‘is yet another Argus 
ment againft the Eye’s’ changing its Conforma- 
tion, when thefe Mufcles contra : : ‘and that 
is, that in feveral’ Creatures their’ Difpofition 
is very far different from what it 1s.in Man*= 
Thus, in the Pike, they are both fituated in the 
under Side of the Eye, where they decuflate 
one another in’ Form of a Crofs, as has 
been already obferyed from .AquapEn- 
DENT and’ PrRravirt: “Th | the > Canjs 
Carcharias, aid in fome other Fithes’ of the 
Dog-kind, Steno has. obferved, that the 
fiperior Oblique had no Trochlea, but that its O- 
rigin and Prosrefs was altogether fimilar to the 

"Vou. J. Hh h inferior 
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inferior Oblique. (See his Canis Carcharie diffedum 
Caput, and his Diffedtio Pifcis ex Canum genere). 
And Pryexus the Son, in his Ob/fervationes A- 
natomice, tells us, that the grand Oblique. is alfo 
without any Trochlea both in Geefe and Hares; 
whence. it’ feems improbable, that. thefe Mut 
cles fo differently difpofed, in different Animals, 
do ever. {queeze the Eye, fo as to render it ob- 
long; and yet it muft be allowed, that they 
have a Power of accommodating their Eyes 
to the different Diftances of Objects, as well as 
other Creatures ; which therefore muft be fought 
for fome where elfe than in the oblique Mu/- 
CHES le ait 
§ ra. Another Opinion concerning this 
Change of our Eyesis, that.the four freight 
Mujfcles; acting together, comprefs the Sides 
of the Globe, and by this Compreffion, reduce 
it to an oblong Figure, when. Objects are 
near; and that by its natural Elafticity it re- 
covers its former Figure,,.when thefe Mufcles 
ceale tOpaGhe veins 3 


‘But. tho’ this. Opinion be received by » 


the learned Borruaave, as well as by 
the Generality of other Authors,. yet there 
are many Objections, which render it very 
doubtful, if not altogether abfurd: For when 


thefe Mufcles act together, they muft draw the - 


Eye inwards, and prefs its Bottom againft 
the Fat, which touches it in that Place: But 


all Action and Re-action being equal, it 


follows, 


”, 
= oe ee 
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follows, that the Back-part of the Eye muft 
be preiled forwards by the Fat, with as much 
Force as the Mufeles draw the Eye inwards; 
and confequently, that the Force whereby 
thefe Mufcles endeavour to lengthen the Eye, 
by compreffing or {queezing its Sides, muft 
be balanced and taken off, by the Preffure of 
the Fat, againft the Back-part of the Eye. The 
other Objections againft this Hypothefis muft 
be taken Notice of below, to which the 
~ Reader muft therefore be referred for faving 
Repetitions. | 

§ ri. Others | are again of a quite con- 
trary Opinion, and would perfuade us, that 
when thefe four freight Mujcles act’ together, 
they render the Eye flat, by pulling it in- 
wards, and prefling its Bottom againft the 
Fat, ahd that it is aoain reduced to its for- 
mer Ficure, either by the joint Contraction of 
the two oblique Mujfcles, or by the inherent 
Elafticity of its Parts, which exerts itfelf when 
the f?reight Mufcles deat to act. 

But neither does this Opinion appear pro- 
bable; for, when thefe Mufcles contract, they 
not only endeavour, by preffing the Eye a- 
eainft the Fat in the Bottom “of ‘the Orbit, 
to render it flat, but likewife {queeze the Sides 
of the Eye, and by that means endeavour at 
the fame time to render it oblong, which two 
Actions being equal, becaufe proportional to 

the 
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the fame Caufe;  viz,, the Contraction of the 
_ Mafcles, and being contrary to one another, — 
they muft deftroy each other. - 

From what has. been faid, it feems very 
probable, that the Eye can neither become. 
flat nor. oblong, either by the Action. of the 
fireight or oblique Mufcles. And this does 
yet further appear from. the) following Rea~ 
fons: : 

imo, Did the Eye accommodate itfelf to 
the Diftance of Objects, by any Change in 
its Figure, arifine from the Contraction of its 
_Mutcles, this Change would be different in 
different, Pofitions of the Eye, and only re- 
gular in one Situation of it. 

240, If you prefs your Eye gently mi 
— your Finger, all Objects feen with that Eye 


will appear confufed and indiftinct, neither _ q 


will they appear more perfect, at whatever 
Diftance they be placed. If you afk the 
Reafon of this Phenomenon, 1 know no better 
Anfwer, than that that cust tail Situation 
- of the fmall Fibres compofing. the Retina, 
~ which is neceflary for diftinct Vifion, is by the 


Preffure of the Finger difturbed and diforder- _ : 


ed: And therefore, it is not eafy to under- 
ftand, how. the fame Difpofition fhould not 
be equally difordered by that fuppofed Com- 
preflion of the Mufcles,° which is neceflary 
for changing the Figure of the Eye... 

| | § 13. 


1 
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§ 13. 3270, A third Argument againft this 
Change of Figure in the Eye, is, that in 
fome Creatures the Sclerotica is fo very hard 
as' does not allow of .any fuch Change; 
and this Difpofition in the Scerotica is ge- 
nerally obfervable in all Birds and F ithes, 
both which have it bony, from the middle 
of the Globe, to its’ Fore-part, where it 
joins the Coriea, as has been obferved by Aq u a- 
PENDENT, the French Academifis, and many 
other Anatomifts.. Mr. Ranpy. has ob- 
ferved, that this bony Circle in the Oftrich 
confifts of fifteen bony Seales joined to one 
another, fo as. to make one circular Bone 
round the Cornea, of which he has given a 
Figure in the Philofophical Tranfadtions. And 
Mr. Warren has: fince found, that the 
Oftrich has this Ring in‘ common with ‘other 
Fowls, both of the Water‘and Land, with this 
Difference only, that. the Ring mm Water-Fowls 
confifts of fifteen, and in Land-Fowls but of 
fourteen Bones, and that they are fo difpofed, 
that one Bone lies over the Ends of two o- 
thers, then three or four lie over one another 
like the Scales of Fifth; then one Bone lies 
under the Ends of two others, and then two 
or three mote follow again, like the Scales of 
Fifth; but he thinks, that unlefS there be a 
Lufus Nature, Mr. Ransy’s Figure does not 
exprefs it fo very juftly as it might be. done; 
which Ransy himfelf in another Paper feems 
to 
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to.acknowledge. (See Philofoph. Tranfi Abrid. 
Vol. VI.) But whatever be in this, one Thing 
is certain, that mn ‘all Fowls, as well a Fifhes, 
a great part of the Sc/erotis ‘is hard and in- 
flexible: And. particularly in. the Owl, Mr. 
PERRAULT fpeaks as if it were wholly bony, 
yet I find, that Peyerus the Son makes ita 
little fofter towards the Entry of the optic 


_ Nerve. But what makes moft for our Pur- 


‘pofe, is, that in fome Fishes the whole of the 
Sclerotica is of a cartilaginous or bony Sub- 
ftance; thus it is in the Whale, in which alfo 
its Thicknefs is more than an Inch, as 


-Ruyscn obferves, (Thefaur, Anatom. Maxim. 


N° LI.) In the Sea-Fox, this Tunicle, tho’ 
thin, was by the French Academifis found “ fo 
<< hard that it might rather pafs for a Bone 


* than a Cartilage.” (See their Memoirs for. 


the natural Hifiory of Animals.) And the like 
has been obferved by StENO, in the Canis 
Carcharias, and fome. other Fifhes of the 
Canine Kind, ‘‘ Sclerodis tunice pars anterior, et 
“« tranflucens, (fays he in his Canis.Carcharia 
“¢ difjectum Caput) yue Cornea dicitur, hic plana 
<< erat, reliqua pars vere dura, ceteris in eodem pif- 
‘Fite, cartilaginibus fimilis ; ft ¢ et in.avibus, magna 


“* felerodis “pars offea. reperitur, ¢9°t.” SANCTO= | 


RINT, in his Obfervationes Anatomice, (cap. 1V. 
fed. 2.) hasalfo avery remarkable Obferyation 
_ tothefame Purpofe: His Wordsare, 22 Duoniamnulla 


funt, 
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fuut, que circa oculi mufculos adnotanda, habemus, 
de eorundem. ufu quedam- proponere ~ libet : 
Num. feilicet, preter cjufdem, oculi motum, 
illum fic. vel retrahant vel producant, ut vel in 
planiorem, vel in acutiovem figuram hu confor- 
metur? Hanc me in queflionem induxit -ofjeam 
prorfus reper iffe i in Thinni oculis {clerotidem mem- 
branam, ob cujus quidem foliditatem ac duritiem, 
nullo mufcworum vel valentiffimo nifu conftituia 
poteft fizura commutari.... Quapropter fi in co 
pifce quidquam commodi ex eus figure varietate 
natura [peravilfet, aliud quodpiam artificium in ejus 
vicem machinata fuiffet, gc.’ Now, from thefe 
Obfervations, it is very plain, that in many Ani- 
mals ‘itis impoflible that the Eye can accommo- 
date itfelf to the different Diftance of Objects, 
by varying its Figure, the Action of its Mufcles 
being infufficient to overcome the Refiftance © 
of its. cartilaginous or bony and almoft. in- 
flexible Tunicles; and yet it cannot be deny- 
ed but they have a Faculty of changing the 
Conformation of their Eyes, and of adapting 
them tothe, Diftance of Objects, as well as 
other Creatures, which therefore we muft ex- 
pect to find fomewhere ¢lfe than in any of its 

Mutcles. 
_ It may indeed be fad, that tho’ the Change 
made in the Eyes of Birds and Fifhes, does 
not proceed from the Action of its Mufcles, yet 
it does not from thence follow, that in Man 
and other Animals who have the Tunicles of 
3 the 
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the Eye flexible and yielding, ‘the Contraction 


of thefe Mujcles does not produce fome Varia- | 


tion in the Figure of the Eye: ‘This I readily 

own; yet, if we confider, that Nature is very 
confonant and confor sable to herfelfin°all her 
Actions, we can hardly doubt but the fame 
Caufe, which, in Fifhes and Birds, accommo- 
dates their Eyes to the diftin® Vifion of Ob- 
jects at different Diftancés, does likeWife pro- 
duce the fame Change ii the Eyes ‘of Men, e- 


{pecially fince there’ is nothing to’be found in. 


the Eyes of thefe Creatures, capable of produ- 
cing that Change, but what alfo obtains 3 in hu- 
manEyes. 

Tam not ignorant, that fome pave mignea 
eertain Fibrés going from the Choroides to the 
Cryftalline in Birds ; and others have fuppofed, 
that in Fithes there is’ likewife fome- peculiar 


' Difpofition for adapting their Eyes-to the Di- © 


ftances of Objects. “But with refpect to’ Birds, 
PERRAULT, and the Freuch Academitts have 
particularly obferved, that there aré no fuch 
Fibres different from thofe that compofe the 
Marfupium nigrum, which can never anfwet 
that End, being adapted to another Purpofe, 
to be explained afterwards; and as for Fifhes, 
that pretended Mechanifm is fo darkly explain- 
ed, and that only by Authors of fo little-Cha- 
rater and Reputation, that it doesn not delerve 
Credit, But, 


4 T4. 


Re i i 


Ee Py ARE ae 0s) SI SP Bede) Pugs te (a doa 
4 4 ‘ ’ 


Chap. lil. by zthe Ligamentum Ciliare, 433 
§ 14. 4/0, To put this Matter out of all Dit 


pute, we muft have recourfe to the following 
Obfervation, viz. A Man having a Cataract in 
both Eyes, which. intirely deprived him of 
Sight, committed himfeif to an Oculift, who 
| finding them ripe, performed the Operation, and 
couched the Cataracts with all the SuccefS could 
be defired; ‘but after they were couched, he 
~ eould not ee Objects diftingly, even at an or- 
dinary Diftance, without the Help of a very 
convex Lens" whichis what every body has 
obferved fo be neceflary to-all thofe who have 
had a Catafa@ cotiched: ‘Neither is the Rea- 
fon thereof difficult; for as a Cataract:is not 4 
- Philm {wimming in’ the aqueous Humour, as 
has been generally believed, till of late, but an 
Opacity in the Cryftallinie itfelf ; and-as the 
couchine of a Cataract confifts in introducing 
a Needle into the Eye, and turning down the 
opaque Humour below the Pupil, it is evident 
that the Cryftalline cannot be difflaced and 
turned down to the under Part of the Eye, but 
the vitreous Humour muft, in giving way to 
it, be pufhed into its Place; but becaufe its 
Denfity i is lefS than that of the Cryftalline, it 
follows, that the Rays of Light will be le& ré- 
fratted, and therefore will not meet at a Point 
in the Retina, but at fome Diftanee behind itz 
froma whence the Sight ma% be confuled, unlef 
@ convex Gla& of a due Degree of Convexity 
Vou... | Ti-t metas 1% ae 
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be brought to Affiftance, sehichs: by refraéting 
the Light, may render its Rays lefs diverging, 
and thus fupply the Refraction which is want- 
ine in the Eye by the Depreflion of the Cry- 
ftalline ; and this is the true Reafon. why there 
can be no diftinct Vifion after the coquching of 


a Cataract, unlefs when Objects) are viewed. 


through a convex Glafs of'a due Degreé of 
Cony exity; nor has the Efflux of the aqueous 
Humour, any Concern in. this Phenomenon, 
feeing it’ is again reftored, as was known to 
GALEN, as before obferved: But this is not all 
that happens after the Depreffion,of the Cata- 


ract.; for it was alfo obferved, that thefame Leus 


was not equally ufeful.for feeing all Objects 
diftincly, but that he was obliged,.for feeing 
them: diftin@ly, to ufe Glaffes of different De- 
grees of, Convexity, {till the mtore. convex 
the nearer the Object. 

To make this Experiment with great Exad 
nefs, and to provide againft ail. Poshbility of 
Miftake, it were proper “to cover that'Side of 
the Lens that is next, to the Eye with black 
Paper, in the Middle of: which, two,narrow 
parallel Slits have been nade, whofe D.ftance 
from one another does not exceed the Diameter 
of the Pupil. . By this means, if the Eye {till 
retains its Faculty of changing its Conformation 
a {mall Object, that is at-fuch a Diftance as iB 
appear fingle through the Slits, when the td 

ye 
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_ Eyeliis fhut, may be: bale to appear double, 
by opening both Eyes, and direéting them toa 
nearer or more remote Object, as has been ex- 
plained above; whence, if-no fuch double Ap- 
pearance can be feen, .we. may conclude, with 
great Certainty, that the Eye has loftits Power 
_ of accommodating itfelf to the Dittance of 
Objects. I have never had an Opportunity of 
making the above Experiment myfelf;: but 
when any fuch offers, 1 defign to make it in 
this Manner, of rather to employ the Inftru- 
ment formerly mentioned; which, for. its Ufe 
in meaturing the Limits of diftin& Vis on, and 
in determining with the utmoft Exaétnefs the 3 
Strength arid Weaknefs of Sight, I have called 
an Optomerer. In the:mean time, from the 
‘Experiment, as it ftands, we may fafely draw 
the following Corollaries: 

Corou. 1. From what happens in couching 
the Cataract, the Eye lofes the Faculty of adapt. _ 
ing itfelf to the various Diftances of Objects. 

Corot. 2. Did that Change in the Eye, that 
is neceflary fox feeing Objects at different Di- 
{tances, depend upon ‘the Action of its Mutcles, 
then, after the Depreflion of a CataraG, the 
| fame Lens will anfwer all Objects of whatever 
Diftance; but fince this is not Fact, it fol- 
lows, that however the Mufcles of the Eye 
may be fuppofed to change a little its. Fi- 
gure, yet this Change is not fufficient to he 
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vide for the difting Vifion of Objects at all 
Diftances. ‘ 
CoroOL. 3. Seeing that ars Gaarconta 


the Eye, in couching the Cataraét, but that the 


Cryftalline is depreited, it follows, that the 
Change made in our byes, according to the 
Diftance of | Objects, mutt be attributed to this 
Humour. 

§ 15. It remains now that we inquire what 
this Change of the Cryftalline is, and by what 
Mechanifm it is produced: — 

Some. maintain, that according as Objects 
are at different Diftances, this Humour becomes 
more or lefs convex, which does indeed very 
well account for diftin& Vifion at all Diftances; 
for ObjeSts painted on a Sheet of white Paper, 
by means of a Lens placed in the Hole of a 
Window-fhut of a dark Chamber, have their 
Images always difting, at whatever Diftance 
they be from the Window, provided that the 


Lens be of a Convexity anfw erable to ) that Di- 


ftance. 

Others again are of Opinion, that. the Cry- 
ftalline never changes its Figure, but that it is 
moved to and from the Retina, according to 
the Diftance or Proximity of the Objetin View; 
and this alfo. does equally well account for the 
diftin& Appearance of Objects at all Diftances, 
as is evident from the Laws of Optics, as well 
-as from the vulgar Experiment of cafting. the 
Species 
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Species. of -Objects from-abroad.upen a Sheet 
of white Paper, by means of a Lew placed at 
a Hole-in the Window-thut of a dark Chamber; 
For the Picture will always be difting, at what- 
ever Diftance the Object may. be, provided 
that the Paper be at a) duefocal Diltance be- 
hind the Lens. r 
‘Thofe that embrace the firft Cpinion fay’, 
that the, Ligamentum Ciliare, which) arifes all 
round from: the Infide.of that Circle of the 
Choroides where it joins the Uvea, dees by its 
Contraction, draw the Edge of the Cryftalline, 
to which it: is attached.all round, tewards. that 
Circle; and, by that, means, makes, -it- broader 
and flatter than before, when Objects are at a 
Diftance from the Eyé; and that. when we 
view nearer Objects; this Ligament is relaxed, . 
and the Cryftalline recovers its Convexity by 
the Elafticity of its Parts: And to.render this 
Opinion ftill the more probable, they contend; 
that it is for this End that Nature has made 
the outer Part of this Humour of a Subftance 
eafily flexible and yielding, that it may with 
greater Facility yield to the Contr action of this 
Ligament. | 
But, if. we obferve aceurately the Situation 


ofthe Ligamentum Ciliare, we will find, that ig — 


is fuch as difqualifies, it for rendering the Cry- 
{talline more flat, by increafing its Breadth; 
for its Fibres are not im the fame Plane. with 

the 
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the Cryftalline, but have an oblique Direction, 
as in (Fig. 38. PLarsE V.) where Cis the Cry- 
{talline Humour, aCzaits tranfverfe Diameter, ao, 
ao the Ligamentum Ciliare (fometimes alfo called 
the ciliary Procefs). -Now, in order to draw out 
the Cryftalline into a’ broad flat Figure, or, 
which is a jufter Way of conceiving-this -Mat- 
ter, in order to ‘draw’ out -and- extend. its 
Capfile, fo as it may comprefs the Cryftalline 
into this Figure, it feems neceflary it fhould 


be drawn according to the Direction of the 


-, Lines ab and ab, which are -in the fame 
. Plane: with ‘the tranfverfe Diameter ‘of this 


Humour aCa; but this: cannot be performed 
by the Ligamentum Ciliare, becaufe-its’ Di- 


_. fection is oblique; and therefore it can‘ never 


_..,by its Contraction change the Figure of the 
my Cryftalline. 


§16. Nor is this: Opitlion rendered more 
probable from the different Subftances of which 
the Cryftalline is compofed: It is indeed true, 
and has been obferved by Anatomifts, that 
tho’ this Humour be all very folid, in refpec 
of the other Humours of the Eye; yet it is 
not all throughout of the fame Confiftence, 
being’ externally like a thick Gelly, but in- 
ternally, towards its Centre, of a Confiftence 
equal to that of hard Suet: This external 
foft Part of the Cryftalline is by fome reckoned 
to be. about the Third of its’ whole aa 

an 
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and, in Fifhes, this Difference of Confiftency 
is in a particular Manner remarkable, who are 
therefore faid to have .a double Cryftalline, 
the one very {mall and folid, in the Centre - 
of the. other, which is larger, but of a fofter 
and lefs folid Subftance. © This little Cryftal- 
line, whichis as it were a Nucleus or vies 

to the other, in whofe Centre it is placed; .i 
- never found wanting in. the Eyes of .F ree ; 
and indeed in all Animals, fo far as has been 
obferved, this Humour is always much fofter 
externally than towards its Centre. . But it.does 
not from. this follow, that Nature has thus 
foftened: the external Part of this Humour, that 
| its Figure may be the more readily vatied for 
feeing diftinétly at all Diftances, but: for an- 
other very wife and neceflary, Purpofe : ~ For it 
is-certain, that the Rays of Light which fall up- 
on the Extremities of the Cryftalline, by reafon 
of their greater Obliquity, muft be more -re- 
fracted than thofe which fall upon its Middle, 
near’ its. Axis, by which means. they will be 
made to meet at different Diftances behind the 
cryftalline Humour; thefe towards its Extremi- 
ty, nearer, and thefe near its Axis, at a greater 
Diftance;, fo that it is impoflible for all to be . 
united exactly upon the Retina for rendering 
the Sight diftin®: ..And therefore, to prevent 
this Inconveniency, provident Nature, which 
is never known to do any Thing in. vain, but 
always 
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always for the bet Purpofes, has very ‘wifely, 
_ towards the Centre of the Cryftalline; made its 


Subflance more deni afid foli@, that the Rays 
of Light, that fall on the Cryfialline, ear its 


Axis, may, in paffing this Nucleus, have their 


RefraGtion increafed, -and by that means may 
be made to converge, atid meet at- the fame 
Point with thefe that pafs the Cry fallitte towards 
its Edee ot Extremity. | 

This is the Reafon’ Why the. Cryftalline of 


all Animals is more folid in its Centre than 


externally, and why in Fithes this Difference 
is fo remarkable; for in them’ this Humour 
being fpherical, as has been obfetved above, 


the Rays that fall thereon, at fome Di- 
{tance from its Axis, ° by reafon of ‘their 


great Obliquity, would be made ‘to meet: at 
a greater Diftance from the Point of Union 


‘of the other Rays that pats near its Centre; 


than in Land-Animals who have this Humour 
lenticular; and therefore, to prevent this 
Inconveniericy, which would have réndered 
the Sicht prodigioufly indifting:, Nattire has 
prov ided them with that {mall folid Cryftal- 


Time, in the Centre of the other, whofe Denfity 


far exceeds that of the Nucleus of Land- 


Animals. 


All this might be demonftrated pradhiadh ads 
cally’; ;.‘ but ifa Glafs Lent be covered with 
as Paper, in which there ‘are’ two Holes, 

: one 
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one at the Axis of the Glafs, and another to- 
wards its Edge, and if this Glafs be placed in 
a Hole of the Window-fhut of a dark Room, 
_ fo as to refrac&t a Beam of the Sun’s Light 
- upon a Sheet of white Paper, placed at a due 
focal Diftance behind’ the Levs, it will be 
found, that the Beam that pafleth the Hole 
downvas the Edge of the Lens, will cut the 
Axis before the Focus of the Glaf, and fall 
on the oppofite Side of the Paper. From all 
which, it is evident, that the different Con- 
fiftency obfervable in the cryftalline Humours, 
does not prove that they are rendered flatter by 
the Contra@tion of the ciliary Procefs, as fome 
- Authors would perfuade us, but to diminith 
the Refraction where the Rays fall moft ob- 
liquely, and thereby to difpofe them to meet 
in the fame Point with thofe which pafs thro’ 
its Middle, which was abfolutely neceflary for 
diftiné Vifion, unlefs the Pupil had been much 
lefs than it now is; in which’ Cale, our 
Sight had not been near fo clear as it is 
at prefent. 

§ 17. Ifit thould be faid, that the Cryftal- 
line changes its Conformation, and becomes 
more or lef convex, by the Action of ‘certain 
mufcular Fibres that enter its Compofition, it is 
incumbent on thofe who entertain this Opini-" 
on, to fhew us thefe Fibres. © The Cryftalline, 
when dried, does manifeftly enough appear’ 
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to be made up of many thin ‘concentrical 


Lamine or. Scales lying one upon another, of . 
which Mr, Lnru WENHOEK reckons there may 


be 2000 in one Cryftalline from the outermoft 
to the Centre, and every. one of, thefe Scales, 


he faith, he hath difcovered to be. made up 


of one fingle Fibre, or fineft Thread, wound 
in a moft ftupenduous Manner this way and 
that way, fo as to run feveral Courfes, and 
meet in as many Centres, and yet not to 
interfere or crofs one anotherin any one Place.. 


In Oxen, Sheep, Hogs, Dogs and Cats, the 


Thread fpreads in three fev eral Courfes, and 
makes as many Centres; in Whales five, ybut 


in Hares and Rabbets only two; in the whole 
Surface of an Ox’s Cryftalline, He reckons there 
are more than 12000 Fibres juxta-pofited.. But, 


- for the better underftanding the Manner of 
this admirable Piece of Mechanifm, I muft 
refer to the. Cuts and Defcriptions in his 


Works, and in the Phi ‘lofo iphical. Tranfactions, 


umn. 165. and 293. from which it will appear, 
— that this Difpofition is but ill qualified for chan- 
_ ging the Figure of the Cryftalline, and for ad- 


apting: it to the Diftance of Objects... But fup-- 


pofing it were otherwife, and that it could. be. 


made appear that the Difpofition is well fitted. 


for that Effet, I am afraid it would not be fo: 


eafy to prove thofe Fibres to be mufcular, and — 


capable of potas | | 
§ 18. 


“om 
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§ 18. Thereis yet another Aroument avainft 
this Hypothetis of the Cryftalline’s s changing its 
Figure, by means of mufcular Fibres that enter 
its Compofition, which muft not be omitted ; 
and that is, that it- has no vifible Attachment 
or Communication with any Part of the Body, 
but is kept'in its Place by means of a membra- 
nous Capfule with which it has-not the leaft 
Connexion; whence itis, that when this Cap/ule 
is opened, the Cryftalline efcapes of itfelf with- 
out the leaft Violence, as has been obferved 
by Matrre-Jean, in his Maladies de [’Oeil, 
Chap. xi. and by Dr. Petit, in the Memoires 
de I Academie Royale, anno 1730; who therefore 
make no Scruple to affirm, that of all the Parts 
of ‘our Body, the Cryftalline is the only one 
that has no Continuity with the Parts adjacent, 
by any ‘Fibre, Blood-veffel or Nerve:- And 
this Qpinion is very much {trenothened by a 
~Paflage I find in STENo’s Canis Carcharie 
| diffecium Caput. Cryfiallini bumoris propria 
tunica contenti (fays he, tpeaking of this Ani- 
mal) fubjiantia triplex erat, witima, centrum, 
centroque ‘vicina loca: occtpans, dus ‘a, et ex lamellis 
compofita erat, que integre, cr yftalli inflar, 
diaphane appar ebant, fette vero, albe finul et 
opace evadebant ; extima cr) allini fubfantia, 
tunice proxima, aque inflar, diffluebat ; reliqua, 
ut centrum inter et tunicam, medium locum inve- 
eral, fic etiam confiftentie medie erat, vifciditate 


ud 
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fad gluten emulans. Solidus globus vifco \fuo 
circumdatus, liberé in aqua volvebatur. From 
thefe: Words, it is plain, that the Author, who 
was one of the moft accurate Anatomifts of 
his Time, difcovered no Attachment of the 
_ Cryftalline to its Membrane or Capfiles, which, 
had there been any, could not eafily have 
efcaped his Obfervation, where fo much Water 
- farrounded the folid Cryftalline: And this will 
be {till more evident, if we confider the 
following Paflage ; from which it appears that 
he had frequent Opportunities of repeating the — 
like Obfervations. See his Diffectio Pifcis 
ex Canum genere; where, {peaking of the 
Cryftlline in one of thofe canine Fifhes, he 
fays, Cryftallini humoris fubflantia triplex erat s 
media dura, et ex lamellis compofitas buic 
undique pt powell alia wmultum glutinofa; tertia 
tunice proxima, ommino aquea, fed et hoc Bife ibus 
aliis plurimis datum eft. 

The famous MorGacni has alfo obferved, 
that there is Water in the Capfule of the 
Cryftalline, not only in Men, but in feveral 
other Creatures, Adverfar. vi. ~.90.); and. 
yet he takes no Notice of any Attachment. 
But of all the Authors that have written on 
this Subject, Dr. Perit feems to have carried 
his Obfervations the fartheft; for he found 
this Water not only in the human Eyes, but 
in the Eyes of Dogs, Cats, Wolves, Hares, 

'  Rabbets, 


Chap. HI. dy che Ligamentim Ciliate: 445 
Rabbets, Sheep, “Lambs, Calves,» Oxen, 


~ Horfes, Turkies, Ducks, dc. but could never 


difcover the: leaft Attachment, tho’ he feems 
to have been at a good deal of Painsin fearch- 
ing after it. See des Memoires de P Academie 
Royale. ann 1730. 

Had the Crytftalline: any Gditanaighe swith! its 
Capfule, it is probable, that Ruyscn’s fubtile 
Injections would have reached it; but. we find 
he could never go further than its Membrane, 
and that only by pufhing forward: the Blood 
in its Veflels by the eceraceous Matter, from 
which: they became confpicuous,: tho’ the 
ceraceous Matter itfelf could never bemade 
toenterthem, (Ruysen. The/aur. 2. locul. are. 

4.) Seeing: then that the Cryftalline has no 
vitible Attachment or Communication. with 
any Part of the Body, it ¢an never receive . 
into its Fibres any Blood or Spirits; and 
_ confequently it cannot: be adapted to the 
Diftance of Objects by the Contraction of 
thofe Fibres. 

If any body fhould afk me, How it is spot 
fible for the Cryftalline to be nourifhed, with- 
out having. fome Communication with the 
neighbouring Parts, from which it may derive 
Blood and Spirits? ‘To:this I anfwer, That I 
fee no Abfurdity in giving it a Kind of vegeta- 
tive Life, and in fuppofing that it. draws 
Nourifhment from the Water in’ which it 

fincmmates, 
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fluctuates, as ‘Martre-Jean and Ppt IT 
have fuppofed; and this may be the Reafon, 
whence it is that when this Water is wanting, 
as fometimes happens in morbid Cafes, the 
Cryftalline becomes dry and opaque, much 
like what it is when taken out tof the Eye 
and dried, as BrissEav, Morcacni and 
Petit have obferved. 
.§ 19. The  laft Opinion, concerning the 
} wal made in our Eyes, is what we embrace, 
and confifts in the Motion of the Cryftalline, 
whereby. the Diftance betwixt it and the Retina 
is increafed or diminifhed according to the 
different’ Diftances of Objects; fo that at 
whatever Diftance Objects are. placed, the 
_ Retina is always at a due focal Diftance behind 
the Cryftalline. 
§ 20. Now, the. Lea Bitanh Ciliare is an 
Organ whole SiO and ae excel- 


Pe ae 


“hey Dine from the Retina, when ‘Objects are 
». too near us; for when it contracts, it will not. 


~ only-draw. the Cryftalline forwards, but it will 
alfo compref the vitreous Humour lying behind 
it; by which Compreffion it muft prefs upon ~ 
_the Cryflalline, and puth it forwards farther 
_ from the Retina... For underftanding which, 


ales (PLaTeE V. Fig. 38.) be the Cryftalline, 
and let the curve Lines ao, ao reprefent the 


Ligamentum 


‘ 
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Ligainentum Ciliare ; it is eafy to fee, that when 
this Ligament contracts, it muft draw the 
Cryftalline forwards in the Direction of the 
right Lines aod, aod; by which means this 
Humour will be brought nearer the Fore-part 
of the Eye, oo. But this is not all;. for the 
Fibres, compofing this Ligament or mufcular 
Procefs, do not run ina ftreight Line, from 
their Origin in the Choroides, to Seat Infertion 
in the Edge of the Cryftalline, but by their 

-Inflexion form a Hollow, behind whichilies the 
vitreous Humour, as reprefented in the Figure ; 
and therefore when they contract, they muft 

~ come-nearer to the ftreight Lines ao, ao, 
by which means this;Concavity. will become | 
lefs, and the vitreous Humour will be comprefs- 
ed; which therefore mutt, by prefling on the 
Bask of the Cryftalline, pufh it forwards 
farther from the Retina, when we.look at 
near Objects, its Axis all the while remaining: 
the fame; and the Cryftalline being moved 
forwards, muft at the fame time prefs the 
aqueous Humour againft the Cornea; by which 
Means this Membrane, which is flexible and. 
yielding, will be rendered more. convex for 
enabling: us ftill the better to ine near: aga 
diftingly. 

§ 21. It has been objected to our feeing 
diftinély at different Diflances by means of 
the Motion of the Cryftalline, that, upon 

Computation, 
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Computation, this Medtidt 3 is found: iniiefieiody 
to procure diftinét Vifion at the Diftances to 
_ which the Eye reaches: But as all fuch Com- 

‘putations are founded upon the Meafures of 
the feveral Parts of the Kye, their Diftances 
from each other, and the refractive Power of 


the Humours, none of which it is poflible to . | 


afcertain with that ExactnefS that may be 
depended on; this Objection is but of little 


¥ Weight: And befides, fuppofing that the Di- 


fiance betwixt the Cry{talline and Retina could 
not be fufficiently increafed by the Motion of _ 
the Cryftalline for enabling us to fee diftin@ly 
at the leaft Diftance the Eye can reach to, — 
yet what is wanting in this will be fupplied. 
by the greater Convexity of the Cornea; for 
when the Cryftalline is brought forward, its 
- ‘Diftance from the. Retina is not only increa- — 
fed, but, as has ‘been already noticed, the 
Cornea itfelf is alfo rendered more Convex ; 
which has not been attended to by the Authors 
- ef this Objection.° 
| § 22.:Premptus afcribes the Difeovery ag ; 
the Ufe of this Ligament, in changing the 
Conformation of our Eyes, to the celebrated. 
Philofopher and Mathematician JOHANNES 
KEPLERUS, of which Anatomifts need not 
be afhamed, it being only from mathemati-— 
cal Principles that the Neceflity of any fuch 
Change was ever difcovered. But in explain- 
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ing this Matter, not only Kerrier, but PLem- 
pius himfelf feems to have: fallen into 
a Miftake; for they fuppofe that, by the 


Eye’ are drawn inwards towards the Crytftal-_ 
line, by which means the Eye is elongated, 
and the Retina is pufhed back to a greater. Di- 
{tance behind the Cryftalline when Objects 
are near; which is repugnant to the above- 
noticed Situation of this Procefs, as well as to 
the Hardnefs and Inflexibility of the Sclerotis 
of feveral Animals. See Premprus Oph- 
thalmogr. lib. iii. cap. 9. ‘ = 4) 
§ 23. M. de la Hrre denies this Motion of — 
the Cryftalline, as well as all other Changes 
made in the..Conformation of the Eye’; all 
whofe Arguments have already been examin- 
ed at fome length, excepting thofe taken from 
the Structure of the Parts; which now we muft 
confider, in fo far as they have any Relation to ~ 
this above.defcribed Motion of the Cryftalline. 
This Author maintains, that it is impoffible — 


ch “the Cryftalline can change its Situation, becaufe 


the ciliary Ligament is not mufcular, and con- 


4 ~ fequently has no Power of Contraction ; and 


of this Opinion’ are likewife a great many A-. 
natomifts, and in particular Hovrus; but 
it appears that all, of them have beenled into 
this Miftake, by an unjuft Notion they have 
entertained about the Colour of Mufcles. Every > 
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body knows that our Mufcles are generally of - 
a red Colour ; but it does not from thence fol- 
low, that what is not red is not mufculous: 
‘The mufcular Fibres of the Guts and Stomach 
have {carce any thing of Rednef$ in their 
Colour; and it is alfo certain that .the Pupil 
does contract and dilate itfelf according as 
Objects are more or lefs luminous, and -yet 
none of the Fibres which perform that 
ACtion are in the leaft red ; whence it follows, 
that the Fibres of the Ligamentum Giliare are 
not to be deprived of a Power of Contra¢tion, 
becaufe of a Colour different from what gene- 
rally obtains in other Mufcles; nor are we to 
be furprized that fo many accurate Anatomifts, 
after a careful Examination of this Procefs, 
have not fcrupled to affirm it to be truly 
mufcular. | 


The End of the Firft VouuME.- 
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Pag. 18. line 28. After longer, add, as Gauen in his 10th Book, 
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De ufw Partium, has alfo obferved. 

38. 1. 21... For Figure, read Fiffure. 
44. 1. 6. For VAXHEYEN, read VERHEYEN. 
55. 1. 22. For of, read or. 
65. 1. 5. For any, read only. ‘ 
69. 1.1. For Eye, read Eyes. 
83. At the Paragraph, prefix § 4. 
84. At fecond ditto, prefix § 5. 
88. 1. 16. For it is, read is it. 

I 4. For Oor2s read 9:2 
136. 1.6. For nor, read not. 
195. 1. 26. For a Board, read abroad. 
215.1. 9. For Humor, read Humore. 
247. 1. 12. For of, read or. 


. 134.1. 2. For 1, 32, read 152 


. 248. At the fecond Paragraph, prefix § 3. 


273308 2 O.8 
284.1, 11. For 2232+, read 723394 


1,13. dele the. 


¢ 927. 1.29. For 98.2. read 77% 


350. 1. 6. For fell, read feel. . 
353. 1. 2t. For aboard, read abroad. 


. 377. 1. 16. For Glafs, read the Glafs. 


1, 17. For the Glafs, read Glafs. 
389. 1. 2. For as, read at. 


. 406.1. 7. After then, add it, 
425. before line 3. add § 9. 
. 428, before line 4. add § 12. 
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